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Type  874  LM  Dielectric  Measuring  Line. ..$400 


The  new  Type  874- LM  Dielectric-Measuring  Line 

now  makes  possible  rapid  and  straightforward  measurements  of  solid  ma¬ 
terials  having  dielectric  constants  between  I  and  10.  and  dissipation  factors 
between  0.0001  and  O.OS.  Measurement  accuracy  is  ±2%  for  dielectric 
constant,  and  ±(5%  +  0.0001)  for  dissipation  factor. 

The  Dielectric- Measuring  Line  is  an  air-dielectric,  coaxial  transmission  line 
whose  field  is  sampled  by  an  electrostatic  pick-up  probe  mounted  on  a  pre¬ 
cision  probe  carriage.  Basic  construction  of  this  new  instrument  is  similar 
to  that  of  the  time-proven  G-R  Type  874-LBA  Slotted  Line  with  these  ex¬ 
ceptions:  the  line  is  open  at  one  end  to  accept  cylindrical  dielectric  speci¬ 
mens;  and  the  inner  and  outer  conductors  of  the  coaxial  line  have  silver 
overlays  to  minimize  losses. 

Operation  is  simple:  A  cylindrical  specimen  is  fitted  into  the  end 
of  the  air-dielectric  line.  The  frequency  of  a  signal  source  driving  the  line  at 
the  other  end  is  adjusted  until  a  voltage  minimum  is  obtained  close  to  the 
face  of  the  sample  (usually  within  about  I  cm).  Dielectric  constant  (K)  and 
dissipation  factor(D)can  then  be  calculated  from  these  two  simple  expres¬ 
sions.  ^  wavelength  o(  supplied 

liequency. 

!  rm  physical  length  of  sample  (cm). 

N  =  odd  integer  representing 
number  ol  quarter  wave 
lengths  in  sample. 

I  n  distance  Irom  voltage 
minimum  to  front  lace  ol 
dielectric  sample 

A  It  •  width  ol  voltage  minimum 
between  10  db  points 
(measured  by  mrerometer 
on  dielectric  line). 

A  a-  constant  obtained  Irom 
chart  which  corrects  lor 
resistive  losses  in  the  line. 


Sample  Otmensiens: 


rrequency  Range: 

Minimum.  ^JMc 


ie-ei»^ 

Length  depends  on  dielectric 
constant  and  frequency,  long 
samples  can  be  made  up  of  a 
number  ol  short  sections. 
Scale: 

Calibrated  in  centimeters,  can 
be  shitted  to  simplify  calcula¬ 
tions.  Micrometer  can  be  read 
to  0.0002  cm 


Maiimum  5000Mcoc_Mc. 
whichever  is  smaller 

K  and  0  Ranges  and  Accuracy: 

K  (dielectric  constant).  -2% 
between  I  and  10 

D  (dissipation  iKtor)-  -(STo 
-1-0  0001)  between  0  and  O.OS 


Olmenslens:  26  i  aVi  >  3VS  inches.  Net  Weight  8VS  pounds. 


Any  one  ol  a  wide  variety  ol  G  R  Unit  Oscillators  that  cover  the  v-h-t 
and  u-h'f  ranges  with  Type  I20I'A  Regulated  Unit  Power  Supply. 


G-R  Type  ONT  Detector  Assemblies  made  up  ol  a  Type  874  MR  Miier 
Rectiher.  Type  1216  A  Unit  l-F  Ampliher.  and  appropriate  Unit 
Oscillator. 

Four  combinations  available  for  following  ranges  40  to  530  Me  40  to 
280  Me.  220  to  950  Me  and  870  to  2030  Me 


With  this  method  there  are  no  complex  tran¬ 
scendental  equations  to  solve.  The  use  of  the  D  N  T 
Detector  eliminates  the  need  for  modulation  of 
source  and  consequent  f-m  difficulties  and  pro¬ 
vides  an  accurate,  linear  response  over  a  wide 
range  of  signal  levels. 


Type  874  F  Low-Pass  Filters. 
Four  models  cover  ranges  ol  interest 
below  500  Me.  500-1000  Me.  1000-2000  Me.  and  2000-4000  Me. 


GENERAL  RADIO  Company 


W«  saCL  OinaCT.  Our  District 
Ofticss  ar*  staffad  by  anginaars  aspaciaiiy 
trainad  to  halp  you  m  tba  satactioo  of  (ostru 
mants  and  maasunng  systams  bast  suitad 
to  your  naads  Wa  watcoma  your  inquinas  ^ 
wtM  halp  SOlva  yOur  probtams. 


2  -  t/t’jr 

\^arranty 


NiW  TOdK  ARIA:  Tat  N.y.  worth  4  2722.  N.  J.  WHitney  )  3140  CHKAOO  let  Village  I  9400  ^ 

PNIlAOflPNIA  Tel.  NAecocIi  4  7419  WASNINOTON.  O.  C.:  Tel  lUfliper  S  lOU 

SAN  rtANCISCO  Tel.  Wllileclill  1-8233  lOS  ANOfUS  Si  Tel  HOIIy-ood  9  6201 

In  CANADA.  TORONTO:  Tel  CHeiiy  6  2171 

CIRCLi  1  RtADERS  SERVICE  CARD 


Non-stop  relay  station 

for  military  messages! 

Kleinschmidt  equipment  receives  and  instantly  re-transmits  thousands  of  printed 
communications  daily  at  the  Army's  Switching  Center,  Davis,  California. 

At  one  of  the  largest  installations  in  the  U.  S.  Army’s  teletypewriter  network,  Kleinschmidt  reperforator- 
transmitters,  teletypewriters  and  related  equipment,  developed  in  cooperation  with  the  U.  S.  Army  Signal 
Corps,  receive  and  automatically  relay  the  vast  load  of  military  communications  for  the  Pacific  overseas 
area  and  western  United  States.  With  related  switching  equipment,  incoming  messages  are  scanned  and 
re-transmitted  without  manual  handling  ...  so  rapidly  that  the  first  portion  of  a  relayed  message  is, 
received  at  its  destination  before  the  latter  part  has  been  transmitted  from  point  of  origin! 

Research  and  development  of  .equipment  for  transmitting  and  receiving  printed  communications  has  been 
a  continuing  project  at  Kleinschmidt  for  almost  60  years.  This  unparalleled  store  of  experience,  now  joined 
with  that  of  Smith-Corona  Inc,  holos  promise  of  immeasurable  new  advances  in  electronic  communications,. 

KLEINSCHMIDT 

KLEINSCHMIDT  LABORATORIES,  INC.,  DEERFIELD,  ILLINOIS 

Pioneer  in  teleprinted  communications  equipment  •  A  subsidiary  of  Smith-Corona  Inc 
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C^mpllcte  Line  of  Magnetic  Voltage  Regulators 


Model  MVR30 


SORENI 


’^overMhe  Full  Range  — 30  to  2000  Volt^Ampa.,. 

Better  Regulation  and  Fast  Response... Smaller  and  Li^ 

Exceilcnt  voltage  regulation  that’s  constant  within  ±  0.5% 

against  any  line  change  from  95  to  130  VAC  — with  operation 
[hat  is  fnstantatuM.us,  automatic,  continuous,  and  protected 

against  overload  damage  —  Sorensen  MVR’s 
'  blanket  the  low  and  medium  power  levels. 

I  Supplied  in  fifteen  standard  models  that  range  from  30 
to  llOOO  VA  rating,  these  Sorensen  regulators  can  be 

I  mounted  in  any  position.  Ideal  for  bench  or  shop  use. 

I  pr  for  inclusion  as  a  component  in  your  product  lines 
I  i  i  to  improve  performance  and  life. 

^  These  MVR’s  are  available  in  three  basic  designs. 

'  1.  Basic  Line  Regulators,  providing  minimum-cost,  gen¬ 

eral-purpose,  highly  reliable  regulation  of  RMS  voltage, 

I  I  from  30  to  2000  VA. 

^  2.  MVR  Filament  Regulators,  providing  regulated  and  iso- 
;  lated  6.3  volt  filament  supply  for  vacuum  tubes;  outputs 

I  from  30  to  500  volt  amps.  Also  a  model  with  12.6 
I  filament  supply  and  bO  VA  rating. 

I  3.  Harmonic  Filtered  regulators  (MVRH).  Lowest  distor- 
'  tion  of  any  regulator  of  similar  design.  Recommended 
j  for  critical  applications  requiring  precise  waveform. 


CONTROLLED  POWER 
FOR  RESEARCH  AND  INDUSTRY 


iNniT 


EGUL ATORS 

V*  EANCE 

MOOCl 

tLKOlUTION 
IIRE  lOAD 

OUTPUT 
VOITS  FREQ 

PMASE 

RESPONSE  TIME 
CTCIES 

X  DISTORTIOH 
FULL  LOAO 

VOITS 

U  CPS  14 

30 

MVR30 

±  0.5 

±0.87 

115 

60 

1 

2 

18 

95-130 

60 

MVR60 

** 

±0.75 

** 

** 

•* 

30 

*• 

MA6NETIC 

120 

MVR 120 

** 

±0.75 

** 

14 

41 

44 

18 

V0LTA6E 

250 

MVR250 

•* 

±0.5 

** 

44 

14 

44 

20 

REGULATORS 

500 

MVR500 

tl 

±0.5 

14 

44 

44 

20 

•MVR" 

1000 

MVR  1000 

** 

±0.5 

** 

44 

44 

44 

20 

** 

2000 

MVR2000 

** 

±0.5 

** 

44 

20 

** 

HARMONIC 

120 

MVRH 120 

0.5 

44 

•• 

44 

3 

FILTERED 

250 

M-yRMPSO 

0.7 

** 

44 

44 

3 

** 

"MVRH” 

500 

MVRH500 

0.9 

** 

44 

44 

44 

3 

•* 

1000 

MVRHIOOO 

0.9 

44 

44 

3 

FILAMENT 

30VA 

6.3V  5  amps. 

MVR30-6 

2.5 

6.3 

44 

44 

44 

20 

14 

REGULATORS 

60  •• 

6.3“  10  " 

MVR60-6 

<1 

3 

6.3 

44 

44 

44 

20 

44 

•’MVR’’ 

60" 

12.6"  5  " 

MVR60-12 

at 

3 

12.6 

41 

•* 

44 

20 

41 

500" 

6.3"  80  " 

MVR5006 

41 

2.5 

6.3 

** 

** 

44 

20 

44 

Complete  information  on  the  full  line  of  MVR’s  is  waiting  at  your  SORENSEN  A  COMPANY,  Inc. 

Sorensen  representative,  or  will  gladly  be  mailed  on  your  request  to:  Richards  Avcnua,  Seuth  Norwalk.  Connacticut 

In  Europe,  contact  Sorensen-Ardag.*  Eichstrassa  29.  Zurich,  Switzerland,  for  all  products  including  50  cycle.  220  volt  equipment 
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Your  Design  is  better  Your  Product  performs  better 


with  this 
full  line  of 


MYTHEon 


Germanium  GLASS  DIODES 


INSSB 

1N66A 

1N67A 

1N6SA 

1N95 

1N126 

1N127 


Working  Forward  Reverso 

Voltage  Current  Current 

(mai.)  at +1  volt 
V  mA  iiA  at  V 


150 
60 
80 
100 
60  10 
60  5 

100  3 


500  at  -150 
50  at  -10 
50  at  -50 
625  at  -100 
800  at  -50 
50  at  - 10 
25  at  -10 


1N128 

lN19a 

1N198 

1N294A 

1N297A 

1N298A 


Working  Forward  Reverse 

Vottage  Current  Current 

(mai.)  at -f  I  volt 

V  mA  mA  at  V 


40  3  10  at -10 

90  5  25  at  - 10 

80  5t  75t  at  - 10 

60  5  10  at -10 

80  3.5  100  at -50 

70  30*  250  at -40 


•at+2v  tal75*C 


Germanium  VIDEO  DETECTOR  Diodes 

for  TV  video  and  portable  radio  application; 
low  capacity  video  detection;  efficiency  controlled  at  50  Me 


Silicon  DIFFUSED  JUNCTION  GLASS  RECTIFIERS 


TYPE 

Peak  Operating 
Voltage 

-65*Ct9-l-15(rC 

Volts 

1N645 

225 

1N646 

300 

1N647 

400 

1N648 

500 

Reverse  Current  (Mas.) 
n  >iA  at  Specified  Voltage 


in  ith  at  Specified  Voltage 

I  I 


I  lotrc 


15 

15 

20 

20 


Silicon  DIFFUSED  JUNCTION  RECTIFIERS 


WIRE  IN  TYPES 


Peak  Operating 
Voltage 

-65*C  to+l65*C 


STUD  TYPES 


Reverse  Current 
(Mas.)  at 

Specified  PIV,  l$0*C 


750 

250 

750 

250 

750 

250 

750 

250 

750 

250 

750 

250 

750 

250 

f  Same  as  IN109$ 


TYPE 

Peak  Operating 
Voltage 

-65*C  lo-|-l65*C 

Volts 

1N253 

95* 

1N254 

190* 

1N2SS 

380* 

1N288 

570* 

CK846 

100 

CK847 

200 

CK848 

300 

CK849 

400 

CK850 

500 

CK8S1 

600 

Reverse  Current 
(Mas.)  at 

Specified  PIV.  25*C 


Ratings  at  25°C  unless  otherwise  indicated.  All  illustrations  actual  size. 


.SEMICONDUaOR  DIVISION 

Silicon  and  Germanium  Diodes  and  Transistors  •  Silicon  Rectifiers 


Newton,  Maae . 55  Chapel  St.,  Bigelow  4>7500 

New  York . 589  Fifth  Ave.,  Plata  9-3900 

Chlcesoi  9501  Grand  Ave.,  Franklin  Park,  NAtional  5-6130 
lea  Angelea:  5236  Santa  AAonica  Blvd.,  NOrmandy  5-4221 
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BUSINESS  BRIEFS 

ELECTRONICS  NEWSLETTER 

NFAV  rilKRMIOMC  CX)NVF,R  I  FR.  a  conibina 
tion  of  metal  and  ceramic  disks  surrounding  a 
high  vacuum,  has  just  Ik'cii  disclosed  hy  the  GF 
Research  Lihorators’.  I’ossihle  applications 
might  Ik'  found  wherever  a  high  temperature 
source  of  nuclear  or  conventional  heat  is  avail¬ 
able  and  electricity  is  needed,  says  X'irgil  1,. 
Stout,  manager  of  the  lab’s  physical  electronics 
section.  It’s  estimated  that  converters  the  size 
of  a  quarter  will  be  made  capable  of  operating  in 
the  1  to  10-watt  range.  Ffficiencics  now  are 
low  hut  might  eventually  reach  ^0  |X‘rccnt  or 
Ixtter.  New  design  halves  the  ojxrating  tem|XT- 
aturc  of  ^.0(XJ  F  for  a  gas-filled  eonscrtcr.  mak¬ 
ing  material  requirements  easier  to  meet.  'I'he 
new  dcsiec  has  two  electrodes  held  at  high  hut 
different  temperatures;  electrons  “lx)iled  out”  of 
the  hotter  cathode  arc  collected  hy  the  rela¬ 
tively  cool  anode  and  then  flow  through  an 
external  circuit  to  do  their  work. 


I  RANSIS  rORI/FD  F.ML  S.AFF  CIRCUI  I  is  re 
sealed  to  he  in  use  in  the  Nike  Hercules  guided 
missile  which  carries  a  nuclear  warhead.  Use  of 
transistors  in  such  a  circuit  increases  relahilits 
and  makes  a  premature  explosion  less  likelv. 
J.  Baird  of  Bell  l  elephonc  l.;dx)ratories  states 
the  Nike  I  Icreules  is  provided  w  ith  eirenits  that 
“present  complete  arming  of  the  ssarhead  until 
it  is  safels  on  its  ssay.”  One  problem:  |X)ssihle 


failures  in  the  fail-safe  circuit  must  not  cause  an 
explosion.  “W  ith  the  small  sizx  and  loss-  posver 
required  by  transistors.”  he  explains,  “a  multi- 
path  or  redundant  circuit  has  been  developed 
svhich  presents  indisidual  component  failures 
from  making  the  missile  unsafe  hut  still  allosvs 
it  to  complete  its  mission  in  the  normal  ssay.” 
Baird,  assistant  director  of  military  systems  de- 
sclopment  at  Bell  L;ihs..  sa^ys  transistors  base 
also  improsed  the  reliability  of  Nike’s  guidance, 
adds  that  for  military  applications  practically  all 
digital  o|X’rations  to  he  performed  in  the  fore¬ 
seeable  future  ssill  use  transistors  and/or  other 
solid  state  devices. 

'rHRFF-niMFNSIONAF  S600.(X)0  flight  simulator 
just  shipjxd  to  Redstone  .\rsenal  subjects  eon^ 
ixments,  control  and  guidance  systems,  and 
radar  systems  to  yaw .  pitch  and  roll  encountered 
in  actual  flight.  The  manufacturer.  Bendix 
.\viation.  says  units  tested  may  weigh  up  to 
1  sO  lb;  effects  on  parts  arc  analyzed  and  re¬ 
corded.  and  reaction  of  systems  to  near-miss 
Ixnnh  hursts.  high-s|xed  wind  jxxkets  and  other 
conditions  can  be  studied  on  the  ground.  Pre¬ 
vious  units  went  to  the  Navy.  US.XF  and  North 
.\merican  .\viation.  .\nalog  computer  has  close 
to  s.OtKJ  tnlx's;  7S  d-c  amplifiers  ha\  e  a  passband 
of  ^(K)  kc;  at  90-degree  phase  shift,  frequency 
response  is  100  cps  in  roll.  4^  cps  in  pitch  and 
saw. 


FIGURES  OF  THE  WEEK 

RECEIVER  PRODUCTION 


(Sourct:  EIA)  Jun«  13,  '58  June  b,  '58  June  14,  '57 

Television  sets,  toul  .  16,029  bt.lto  116,302 

Radio  sets,  total  .  162,575  156, 899  229.967 

Auto  sets .  51.698  48,892  86,270 

STOCK  PRICE  AVERAGES 

(Source;  SUndard  &  Poor's)  June  18. '58  June  11, ‘58  June  19, '57 

Radio-tv  &  electronics  .  49.05  47.54  51.22 

Radio  broadcasters .  63.36  62.08  66.12 


FIGURES  OF  THE 

YEAR 

Totals  for  first  four  months 

1958 

1957 

Percent  Change 

Receiving  tube  sales  . 

.  117,596,000 

153.011,000 

—23.1 

Transistor  production . 

.  11,895,032 

6  899,000 

-1-72.4 

Cathode-ray  tube  sales  . . . . 

.  2,403,182 

2,952,318 

—18.6 

Television  set  production  , . , 

1,523,858 

1,835,975 

—17.0 

Radio  set  production  . 

3,532,066 

5,075,180 

—30  4 

TV  set  sales  . 

1,690,101 

2,020,876 

—16.4 

Radio  set  sales 

level,  auto)  . 

1,895,951 

2,362,068 

—19.7 

MORE  FIGURES  NEXT  PAGE 
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Army  Testing  Tales 


Three  services  cooperate  to  produce  tactical  unit  for 
continental  air  defense 


I’acticai.  'I'alos  defense  units  for 
land-based  antiaircraft  operation  are- 
now  undergoing  evaluation  tests  at 
W  hite  Sands  Missile  Range. 

RC.\  is  prime  contractor  for  the 
unit,  which  is  destined  to  be  part  of 
continental  air  defense.  The  design 
of  the  ground  control  system  was 
started  in  January  1955,  completed 
on  Oetober  1 5  of  last  year  when 
the  firm  turned  it  over  to  the  ser\'- 
ices.  The  system  uses  Bendi.\’s  Talos 
missile,  is  a  triservice  development: 
.\ir  Force  supplied  the  funds. 
Navy’s  BuOrd  supervised  the  pro¬ 
gram  and  Army  is  now  evaluating 
the  system. 

Fire-control  center  for  the  unit 
(photo)  gives  complete  picture 
of  the  tactical  situation.  Ppi  con¬ 
sole  (at  left)  shows  the  targets  un¬ 
der  radar  surveillance  and  other 
targets  in  the  area.  Targets  under 
control  are  numbered  and  presented 
in  turn  to  the  main  surveillance 
console,  whose  screen  is  a  modified 
color  tv  tube.  I’his  provides  con¬ 
tinuous  data  on  position  of 
targets  under  control  and  point  of 
probable  impact  with  missile,  also 
permits  color  separation  of  targets 
controlled,  tracked  or  being  fired 


upon.  Bore-sight  itv  cameras, 
mountexl  on  antennas  of  the  guid¬ 
ance  and  track  radars,  present  pic¬ 
torial  view  of  targets  on  the  other 
consoles,  llie  fire-control  officer 
can  locate,  select,  track  and  destroy 
targets  from  this  one  room. 

Missiles  are  loaded  and  launehed 
automatically  under  remote  control 
of  this  center.  The  system  can 
simultaneously  track  eight  targets, 
control  as  many  as  four  missiles. 

Modified  .\N/FPS-16  instru¬ 
mentation  radar  is  used  to  track 
aircraft  or  to  searchlight  targets  so 
I'alos  can  home  on  reflected  eneig)-. 

The  FPS-16  is  a  monopulse  C- 
band  radar  producing  angular  data 
precise  to  1/200  degree  and  range 
data  accurate  to  within  a  few  feet. 
Present  tracking  range  is  about  290 
miles;  modification  now  in  the 
works  will  extend  this  range  to  500 
miles.  Data  is  produccxl  in  digital 
form,  can  be  supplied  directly  to 
data-proccssing  equipment. 

'I’his  radar  was  originally  de¬ 
veloped  for  use  on  the  firing  range 
at  Cape  Canaveral,  has  been  ac¬ 
cepted  as  standard  instrumentation 
on  missile  ranges  of  all  three  serv¬ 
ices. 


Talos  can  operate  in  cither  of 
two  modes.  It  can  home  on  energy 
reflected  from  target  in  the  radar 
beam.  In  this  mode,  it  is  aided 
rather  than  hindertxl  by  jamming 
signals  from  the  craft,  since  these 
merely  give  it  more  energy  to  feed 
on.  In  its  other  mode,  it  rides  home- 
on  a  Ix-am  from  a  guidance  radar 
which  is  also  part  of  the  'I'alos  land 
installation.  A  null-seeking  proxim¬ 
ity  fuze  is  usually  used  to  detonate 
the  missile  at  its  point  of  nearest 
passage  to  the  target. 

Reliability  Seen 
Key  to  Space 

W'.-\SI  IING  TON — More  emphasis 
must  lx-  plaeed  on  reliability  in  de¬ 
signing  electronic  equipment  for 
space  vehieles,  siiys  S.  W.  I  lerwald. 
Manager  of  W'estinghouse’s  .-Kir 
.'Win  Division.  Me  spoke  at  IRF’s 
Second  National  Convention  on 
Military  F.leetronics  late  last 
month. 

Mueh  of  the  reliability,  he  Ix-- 
lievcs,  can  lx-  gainexl  by  use  of 
solid-state  physics  and  molecular 
engineering.  'These  techniques  can 
save  volume,  power,  weight  and 
complexity. 

l-'or  successful  space  travel,  the 
cleetronics  engineer  must  provide 
automatic  sensors,  computers  and 
controls.  To  orbit  the  moon  or 
make  a  precision  landing,  mid- 
coursc  and  terminal  guidanec  and 
control  must  be  developed.  Liiunch- 
ing  two  satellites  into  the  same 
orbit  is  an  electronics  problem  re¬ 
quiring  precision  controls,  he  said. 

'Hie  call  for  reliability  in  elec¬ 
tronics  equipment  was  eclux-d  by 
W^n.  H.  lloladay.  Director  of 
Guided  Missiles.  “Reliability  is  the 
key  to  successful  missilery,’’  he  said. 
“W'ithout  it  we  have  nothing.’’ 

(Continued  on  p  12) 


TRANSISTOR  AND  TUBE  SALES,  MONTHLY 


(Source:  EIA)  Apr.  '58  Mar.  '58  Apr.  '57 

Transistors,  units .  2,856,234  2,976,843  1,774,000 

Transistors,  vaiue  .  $7,025,547  $6,795,427  $4,880,000 

Receiving  tubes,  units  .  32,582,000  28,524,000  27,970,000 

Receiving  tubes,  value .  $28,788,000  $25,716,000  $25,384,000 

Picture  tubes,  units .  590,357  634,779  629,838 

Picture  tubes,  value .  $11,591,733  $12,643,404  $11,394,043 


EMPLOYMENT  AND 

EARNINGS, 

MONTHLY 

(Source:  Bur.  Labor  StatlsUcs) 

Apr.  '58 

Mar.  '58 

Apr.  '57 

Prod,  workers,  comm,  equip. . . 

338,500 

343,800 

380,600 

Av.  wkly.  earnings,  comm.  . . . 

$79.95 

$80.16 

$79.19 

Av.  wkly.  earnings,  radio  .... 

$78.78 

$79.39 

$76.61 

Av.  wkly.  hours,  comm . 

38.9 

39.1 

40.2 

Av.  wkly.  hours,  radio . 

39.0 

39.3 

39.9 
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I  iiniiwiw  I  VIII 


w  tvja  M  uui  » 


CIRCLE  S  READERS  SERVICE  CARD 


CONVECTION  COOLED 

No  internal  blowers  •  No  moving  parts 

0-32  VDC  0-2  AMP 


•  Ail  transistor.  No  tubos. 

•  Fast  transient  response. 

•  Excess  ambient  thermal  protection. 

•  Excellent  regulation.  Low  output  impedance. 
Low  ripple. 

•  Remote  sensing  and  OC  vernier. 


•  Ambient  50°  C  at  full  rating. 

•  High  efficiency  radiator  heat  sinks. 

•  Silicon  rectifier. 

•  50-400  cycles  input. 

•  Special,  high-purity  foil,  long-life 
electrolytics. 


•  Compact.  Only  3V^"  panel  height. 

•  Short-circuit  proof. 

•  Protected  by  magnetic  circuit  breakers. 

•  Hermetically-sealed  transformer.  De¬ 
signed  to  MIL-T27A. 


GUARANTEED  FOR  FIVE  YEARS 


Sffsrante^ 


Introduced  at  the  1958  I.R.E.  Show 


Model  LT  2095 

Model  LT  2095M  (metered) 


$365 

$395 


CONDENSED  DATA^ 


Velte««  Rond*  . .  .0-8,  8-16,  16-24,  24-32  VDC 
line  Rspelotien  ...Better  than  0.15  per  cent  or  20  millivolts 
(whichever  is  greater).  For  input  variations 
from  105-125  VAC. 

lead  Repwlafien ...  Better  than  0.15  per  cent  or  20  millivolts 
(whichever  is  greater).  For  load  variations 
from  0  to  full  load. 

AC  Inpot . 105-125  VAC,  50-400  CPS 

^  frallminaor  end  tentalir*  •eecificotlani 


Send  for  complete  LAMBDA  L-T  data. 


Electrical  Over¬ 
load  Pretection  . .  .Magnetic  circuit  breaker,  front  panel 
mounted.  Unit  cannot  be  injur^  by  short  cir¬ 
cuit  or  overload. 

Thermal  Over¬ 
load  Protection  . . ,  Thermostat,  manual  reset,  rear  of  chassis. 

Thermal  overload  indicator  light,  front  panel. 
$lie  . 3V4"Hxl9*  Wxl4%"D. 


Eleetronies  Corps 

11-11  131  STREET  •  COLLEGE  POINT  56,  NEW  YORK 

INDEPENDENCE  1-8600  Cable  Address:  Lambdatron,  New  York 


Cable  Address:  Lambdatron,  New  York 


^  SILECTRON  CORES 

Types  C,  E  and  0  " 

TOROIDAL  CORES 

Nylon  and  Aluminum  cased 

BOBBIN  CORES 


The  ARNOLD  LINE-UP  includes  the  TAPE  CORES  you  need 


AMJCATtOAtS 

We’li  welcome  your  inquiries  on  your 
Tape  Wound  Core  requirements  for 
Pulse  and  Power  Transformers,  3-Phase 
Transformers,  Magnetic  Amplifiers, 
Current  Transformers,  Wide-Band 
Transformers,  Non-Linear  Retard  Coils, 
Reactors,  Coincident  Current  Matrix 
Systems,  Sutic  Magnetic  Memory  Ele¬ 
ments,  Harmonic  Generators,  etc. 

eMGtNeen/M&DATA 

For  data  on  the  various  types  of  Arnold 
Tape  Cores,  write  for  these  Bulletins: 

SC-107— Siteefron  Coras,  Typa*  C,  £  and  O 
TC-101  A— Toroidal  Corot,  nylon  and  aluminum 
eatod 

TC-10t— Sobbin  Coras 


ADDRESS  DEPT.  E-87 


How  to  be  sure  of  tape  core  perform¬ 
ance  and  uniformity?  Just  specify 
and  use  Arnold  Cores  in  your  trans¬ 
former,  magnetic  amplifier,  reactor 
and  computer  assemblies,  etc. 

Here's  why! 

To  begin  with,  Arnold  is  a  fully  inte¬ 
grated  company,  controlling  every  man¬ 
ufacturing  step  from  the  taw  material  to 
the  finished  core.  Then,  modern  testing 
equipment  permits  1009!>  inspection  of 
cores  before  shipment.  Finally,  you’re 
matching  your  requirements  against  the 
most  experienced  and  complete  line  of 
tape  cores  in  the  industry.  Arnold  pro¬ 
duces  Types  C,  E  and  O  Silcctron  cores. 


nylon  and  aluminum  cased  toroidal  cores, 
and  bobbin  cores  to  meet  whatever  your 
designs  may  r^uire  in  tape  thickness, 
material,  core  size  or  weight.  Wide  selec¬ 
tions  of  cores  are  carried  in  stock  as 
standard  items  for  quick  delivery:  both 
for  engineering  prototypes  to  reduce  the 
need  for  special  designs,  and  for  produc¬ 
tion-quantity  shipments  to  meet  your 
immediate  requirements. 

Let  us  help  you  solve  your  tape  core 
problems.  Check  Arnold,  too,  for 
your  needs  in  Mo-Permalloy  or  iron 
powder  cores,  and  for  cast  or  sin¬ 
tered  permanent  magnets  made  from 
Alnico  or  other  materials. 


.TiS  Arnold  Fngineering  .  Tompany 

Main  Office  A  Plant:  Marengo,  Illinois 

••IMtIi  SoaWt  INviakMi  Naiiift  441  SmI  41*t  Mr***,  L*k  AmsiIm,  CaM. 

District  Salt  Offkt: 

loifon,  200  St.  Im  Amgatu;  3450  WihMrw  Mv4. 

Now  YoHt,  350  TiMi  Av«.  WaMngtoa,  OX.,  lOGJ-t  5tb  $*„  N.W. 
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THOMAS  A. 


ISON’S 


model  250  miniature 
time  delay  relays 
are  shock  and 
vibration  resistant 


'  I 

'I;?:*-  i 


Ai  haolar  cauMt  th«  axpantion  in«mb«r  to  itrttch,  tovor  pivot*  on  it*  hingo. 
comprttting  tho  bow  ipring  at  o  high  rot*  in  tha  diraction  of  contact 
clotwra.  Motching  axpontion  mambar  companiotat  for  axtarnol  chonga*  in 
tamparotura  batwaan  — 6j  and  +fOO°C- 


Designed  to  meet  miliury  requirements,  Edison's  line  of  miniature  time  delay  relays 
are  available  for  a  wide  range  of  electronic  applications. 

The  230  Series  Time  Delay  Relays  combine  in  one  unit  superior  design,  top  work* 
manship  and  performance  at  lowest  cost.  Check  these  advantages- 

•  Designed  to  withstand  vibration  frequencies  to  300  CPS. 

•  Exceptionally  high  rate  of  contact  closure. 

•  Permanent  calibration  and  hermetic  seal. 

•  Extremely  rigid  mechanical  structure  using  high-strength,  high-expansion  alloys. 


For  bulletin  ^3046  showing  timing  ranges  and  operating  performance  write  to: 

Thomas  A.  Edison  Industries 

INSTRUMENT  DIVISION 

54  LAKESIDE  AVENUE,  WEST  ORANOE,  N. 


ED 
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Sonic  >,000  engineers  and  scien-  j" 
tists  assembled  at  the  Sheraton  j 

Park  Hotel  for  the  three-dav  ses-  i 
sions  on  missiles  and  eleetronies. 
lliere  were  106  papers  and  over 
100  exhibits.  Among  the  topies 
were:  guidanec  radar  for  satellites 
and  space  vehicles;  design  of  equip¬ 
ment  to  annmnnicatc  witli  s|>acc 
schiclcs  and  a  t\-  system  capable 
of  seeing  on  a  moonless  night. 

The  exhibits  were  of  special  in¬ 
terest  to  the  electronics  engineer. 
The  Navy’s  Grasshopper,  automatic 
weather  transmitter  weighing  2>0 
lbs,  was  shown.  It  has  six  long 
legs  which  jack  up  the  five-ft 
cslindrical  bodv  after  hitting  the 
ground.  This  device  may  someday 
be-  shot  to  the  moon  and  auto¬ 
matically  transmit  back  weather 
data. 

Other  equipment  shown  ranged 
from  printed  circuits  so  small  that 
they  must  be  read  with  a  magnifv- 
ing  glass  to  a  radio  transmitter 
weighing  ncarlv  a  half  ton. 

Bomarc  II,  an  area  defense 
weapKin  with  a  range  of  400  miles 
and  unique  terminal  guidance,  was 
mentioned  at  the  exhibit.  W’est- 
inghousc  rcpiortcdly  is  making  tlie 
ground  control  system  for  the  mis¬ 
sile  under  a  SI  0-million  subcontract 
with  Bwing. 

\  1,000-watt  radio  transmitter 
designed  for  shipboard  and  sul>- 
marine  ser\  ice  over  the  2  to  BO-mc 
range  was  also  shown. 

Transistorized 
Ignition  System 


One  type  of  transistorized  low-volt¬ 
age  ignition  system  (ELECI’RON- 
ICS,  p  20,  June  27)  which  Auto- 
Lite  tested  on  late  model  ear  en¬ 
gine.  Box  (insert)  is  power  supply. 
Shielded  distributor  proteets  against 
high  frequeneies  generated.  Lead 
wires  are  also  shielded 


WASHINGTON  OUTLOOK 

W’.xsiiiNGTON  looks  for  a  strong  pickup  in  the  electronics  industry  during 
the  second  half  of  1958.  F.cononiists  predict  electronics  will  be  one  of 
the  pace  setters  of  the  general  business  revival  now  shaping  up. 

Our  industry  will  benefit  from  the  generally  improved  business  situa¬ 
tion.  Also,  the  largest  share  of  new  and  bigger  defense  outlays  is 
expected  to  go  to  electronics.  Finally,  the  consumer  side  of  the  business 
recently  has  begun  to  show  new  signs  of  life. 

Electronics  indnstiy  generally  begins  to  pickup  activih'  in  .\pril, 
but  this  was  a  little  delayed  this  year.  Commerce  Department  officials 
now  place  the  tum-around  in  June.  Tlic  Department’s  Division  of 
Electronics  is  preparing  a  six-month  outlook  for  the  industrs'  to  be 
released  in  about  two  weeks.  The  report  is  generally  optimistic  in  tone. 
Officials  say  there  is  a  good  chance  the  last  half  of  the  year  may  match 
—or  possibly  exceed— production  in  the  last  half  of  1957. 

•  A  $6()-million  radio  telescope  will  enter  construction  stage  in 
August  near  Sugar  Grove,  West  V^irginia— culminating  11  years 
of  research  in  radio  astronomy  by  the  Naval  Research  Dilroratory. 
Besides  serving  as  a  space  explorer,  it  will  also  be  a  jam-proof 
military'  transmitter  for  bouncing  signals  off  the  planets  back 
to  points  on  earth. 

Size  of  the  antenna  hasn’t  been  determined  but  a  60-ft  dish 
—to  be  built  by  Kennedy  of  Cohasset,  Mass.— will  be  installed 
as  a  first  step  in  detennining  the  ultimate  size  of  the  telescope. 

Design  of  electronic  gear,  instrumentation  will  lx;  handled  by 
NRL,  with  some  components  bought  from  outside  firms. 

•  One  of  NATO’s  top-priority  projects,  now  under  way,  is  to 
augment  carly-warnig  radar  in  Norway  and  Denmark.  There  arc 
three  early-warning  radar  stations  in  northern  Norway,  with 
limited  communication  facilities;  three  stations  in  southern 
Noixvas;  and  five  in  Denmark.  There  arc  serious  holes  in  the 
network  and  the  equipment  has  limited  ranges. 

For  the  most  part,  the  present  equipment  is  FPS-8  radars 
with  a  range  of  160  miles.  The  new  high-powered  units,  which 
will  be  in  place  o\er  the  next  few  years,  will  double  the  early- 
warning  range  and  fill  in  most  gaj>s  in  eoverage.  Radar  coverage 
eastward  to  Russia  will  be  extended.  Communication  facilities 
sciwing  early-warning  radar  network  will  be  beefed  up. 

l*'lcctronic  communications,  particularly  in  southern  Euro|x;, 
arc  barely  sufficient  to  carry  the  load.  'I  bis  is  in  terms  of  lx)th 
physical  equipment  and  sjK-cializcd  personnel. 

•  NATO’s  air  defense  system— providing  early-warning  radar  for 
U.S.  bomber  bases  in  North  .\frica  and  in  Great  Britain  and  j 
U.S.  and  allied  tactical  fighter  bases  in  almost  all  of  the  N.\TO 
countries- is  lx;set  by  glaring  gaps  in  physical  coverage  and  lack  | 
of  coordination  between  some  national  radar  nets. 

Officers  at  Headquarters,  Allied  Forces,  Southern  Fiiro|x;— in 
Naples- complain  that  Greece,  'I'urkcy  and  Italy  each  want  to 
control  their  own  air  defense  radar  systems.  N.\  TO  headquarters 
has  a  sticky  diplomatic  problem  in  trsing  to  coordinate  the  three 
early-warning  networks  without  injuring  the  national  pride  of 
the  individual  nations  concerned. 
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ONLY  KIN  TEL 
DIGITAL  VOLTMETERS 
GIVE  YOU  ALL 
THESE  ADVANTAGES... 
AND  FOR  ONLY 
$2100 


1.  SINOL.B-PLANB  READOUT:  KIN  TEL  digital  voltmeters  employ  a 
simple  projection  system  to  present  numbers  on  a  readable  single 
plane... no  superimposed  outlines  of  “off”  digits... reduced  possibility 
of  error.  Standard  lamps  give  7000  to  8000  hours  of  life,  compared 
with  100  to  200  hours  for  ordinary  readouts. 

2.  COMPLETE  LINE  OP  ACCE880RIE8-8PECIAL  8V8TEM8:  Versa¬ 
tile  “digital  building  blocks”  permit  measurement  of  AC,  ohms,  ratios 
of  AC  and  DC,  automatic  scanning  of  multiple  inputs.  Preamplifiers 
increase  digital  voltmeter  sensitivity  to  1  microvolt  DC,  10  microvolts 
AC.  Buffers  permit  driving  typewriters,  tape  punches  and  printers. 
KIN  TEL’s  Special  Products  Department  can  design  and  manufacture 
digital  instruments  to  meet  your  special  requirements  . . .  complete 
digital  systems  for  data  logging,  missile  checkout  and  automatic 
production  line  testing. 

3.  AOVANcr  CIRCUIT  DRSiON:  Transistors  employed  where  they 
contribute  to  performan  and  reliability... relay  drive  coils  energized 
with  DC  as  in  teL-ph'i  .  .j’pe  service  to  provide  long,  trouble-free 
operation... automatic,  -ntinuous  standard  cell  calibration.  No  elec¬ 
tronic  circuitry  in  readouc  allows  easy  remote  mounting.  Sensitivity 
control  permits  stable  r  iding  of  noisy  signals. 

4.  MANUFACTURING  EXPERIENCE:  KIN  TEL  has  manufactured  over 
10,000  “standard  cell  accuracy”  DC  instruments  on  a  true  production 
line  basis.  Only  by  this  method,  by  years  of  repeated  manufacturing 
experience,  by  an  over  all  awareness  of  the  accuracies  and  tolerances 
involved,  is  it  possible  to  guarantee  consistent  accuracy  and  reliabil¬ 
ity...  to  assure  real  value  for  every  dollar  you  invest. 

8.  NATIONWIDE  APPLICATION  ENGINEERING  FACILITIE8:  KIN  TEL 

has  engineering  representatives  in  everj'  major  city.  An  experienced 
staff  of  over  200  field  engineers  is  always  immediately  available  to 
help  solve  your  application  problems,  provide  technical  data,  or  pre¬ 
pare  a  detailed  proposal.  Factory  level  service  is  available  in  all  areas. 


e.  DESIDERATE  SPECIFICATIONS  (MODEL  401  DC  DIGITAL  VOLTMETER): 


Display  ..Four  '4  dig  t  with  automatic  polar¬ 
ity  indication  and  decimal  placement.  Total 
display  area  2"  high  x  1^2"  long,  internally 
illuminated.  Individua'  digits  Ha  high. 
Automatic  Ranges  . . .  0.0001  to  999  9  volts 
covered  in  four  ranges.  Sensitivity  control 
provides  least  digit  sensitivities  of  .1.  1,  and 
10  mv. 

Accuracy  .0.01%  ‘1  digit. 

Counting  Rate  .30  counts  per  second,  pro¬ 
viding  average  balance  (reading'  time  of  1 
second,  maximum  balance  time  of  3  seconds. 
Reference  Voltage  ..Chopper-stabilised  sup¬ 
ply.  referenced  to  an  unsaturated  mercury- 
cadmium  standard  cell. 

Input  Impedance ...  10  megohms,  all  ranges. 
Output  .  Visual  display,  plus  print  control. 
Automatic  print  impulse  when  the  meter 

Write  today  for  descriptive  literature 
or  derrwrtstratiort.  5725  Kearney  Villa  Road 
San  Diego  It,  California 


assumes  balance.  No  accessories  required  to 
drive  parallel  input  printers. 

Input...  115  volt,  60  cycle,  single  phase, 
approximately  75VA. 

Dimensions... Control  unit,  S'i”  high  x  19 
wide  X  16  '  deep.  Readout  display,  3*2  high 
X  19  wide  X  9'  deep. 

Weight... Approximately  40  lb. 

Price...  $2,100 


A  Division  of  Coiiu  Electronics  Inc. 
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Engineers  discuss  l,000-\vatt  lond- 
S|x;akcr  designed  to  check  effects  of 
high  intensih  sound  on  missiles  and 
jet  aircraft 

Loudspeaker 
Checks  Jets 

A  1 ,000-\\  A  1 1  loudspeaker  rfor  re- 
seareh  into  effeets  of  high-intensitv 
sound  on  jet  planes  and  niiskiles 
was  shipped  to  Convair’s  San 
Diego.  Calif.,  plant  this  week. 

Tlie  loudspeaker,  made  by  Stroin- 
Ixrrg-Carlson.  weighs  '  about  1  SO 
pounds.  It  consists  of  a  woofer  and 
midrange  units  with  provisions  for 
adding  high-range  tweeters. 

I  hc  loudspeaker’s  woofer  por¬ 
tion  is  driven  by  a  24i  pound  ring 
magnet  bas  ing  a  total  flux  in  the 
air-gap  of  696.000  maxwells.  I  hc 
mounting  allows  it  to  vibrate  as 
much  as  two  inches.  Its  response 
extends  from  the  lower  limit  of 
audibility  to  sOO  cps.  T  o  handle 
jxiwer  dissipation,  woofer  voice  coil 
is  designed  for  continuous  opc*ra- 
tion  at  500  I’.  Coil  is  air  cooled. 

For  midrange  sounds.  (500  to 
2,400  cps)  loudsjK-aker  also  includes 
a  high-powered  acoustical  compres¬ 
sion  driver,  coaxial  horn. 

For  further  possible  use,  s|x:eial 
tuceters  ha\c  been  designed.  I  hese 
will  extend  the  loudspeaker  range 
to  1  5,000  cps. 

U.S.  Relaxes 
Nickel  Rules 

Now  iH.si  nickel  supplies  appear 
adequate  for  both  defense  and 
civilian  uses.  Business  and  Defense 
Services  .Administration  is  relaxing 
its  regulations  concerning  disposal 
of  priorits-acquired  nickel. 

Holders  no  longer  need  rejjort 
excess  supplies.  Nor  do  thev  need 
permission  to  use  excess  for  non- 
defense  purposes.  However,  un¬ 
filled  defense  orders  must  lx:  gisen 
first  call  on  unused  nickel. 


MILITARY  ELECTRONICS 


•  SUBROC,  Navv’s  suhmarine- 
launehed  missile  that  emerges  from 
the  water,  flies  through  the  air.  and 
then  discs  back  down  into  the  sea 
again  for  its  kill  (Fi.f.ctronics. 
p  50,  Apr.  4 ) ,  has  Ixen  assigned  to 
Goodyear  .Aircraft  for  dcsclopment 
under  a  S65-million  contract.  Prin¬ 
ciple  siilxon tractors  arc  I.ibrascope 
and  Kcarfott. 

•  Helicopter  flight  control  ssstem 
which  holds  attitude  and  heading 
accuracies  within  a  fraction  of  a 
degree— even  in  turbulent  air— has 
Ixen  de\elo|xd  bv  Sperrs . 

Designed  for  use  with  all  ty|x*s 
of  rotarv-wing  aircraft,  the  svstem 
iucludes  the  vime  automatic  and 
continuous  control  capabilities  now 
provided  for  advanced  bomlxrs  and 
fighters. 

Complete  four-axis  control  allows 
straight  and  lescl  flsing  without 
assistance  and  prov  ides  stabilization 
through  all  maueusering. 

.Automatic  features  of  the  40-lh 
system  include  electronic  trimming 
to  compensate  feu  loading  changes, 
automatic  turn  C(K)rdination  and 
pushbutton  controls  for  precise  at¬ 
titude  adjustment. 


•  First  Dynasoar  vehicle— maimed 
rocket  that  will  orbit  the  earth  and 
land  again  (Fi.r.CTROMCs.  p  21, 
)uiK  27) — will  cost  an  cstim;i4cd 
SI  50  million. 

•  Navy  will  o|x'ii  bids,  possibly 
this  month,  for  its  S60  million 
Nasal  Radio  Research  Obsersators, 
scheduled  to  get  uudcrssas  Ixfore 
September  near  Sugar  Grose,  West 
A'irgiiiia. 

Navs  spokesmen  sas  it  will  lx 
operated  under  Nasv  managenUnt 
as  a  common  service  for  the  na¬ 
tion’s  scientific  comimmits  and  de¬ 
fense  agencies  (see  Washington 
Outlook,  p  12). 

•  HSAF  is  studying  the  feasihil- 
its  of  using  Holloman  AI  B,  New 
Mex..  for  launching  satellites  into 
|X)lar  orbits,  according  to  C'.en. 
Feighton  Das  is.  Commander  of  the 
Missile  Deselopment  Center  at 
I  lollomaii. 

.Also,  the  base  may  lx  used  for 
launching  long  range  ballistic  mis¬ 
siles  on  a  high  altitude  course  to 
Cajx  Canaveral,  l‘'la..  and  on  down 
the  missile  range  into  the  South 
.\tlantie. 


Sliders  working  in  unison  ss  ith  “crrxhcting  needles"  pull  free  end  of  fine  inagnet  w  ire 
around  and  tlirongli  ininiatnre  cores  at  120  to  200  turns  a  niiniite 


Needles  Wind  Russian  Cores 


Size  of  demonstration  toroids  (Vs  in.  o-d)  indicates 
USSR's  miniaturization  progress 


Mimaturi.  roROioAi.  core  winder 
shown  at  the  Intcrnatioivil  Auto¬ 
mation  Exhibition  in  New  York 
rccentls  did  not  require  the  wire 


to  he  prewound  on  ring  bobbins. 

riic  machine  was  part  of  the 
USSR  Chamber  of  Commerce 
exhibit.  Several  electronics  firm  cni- 
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HUOHES... 


pioneer  and 
largest  producer 
of  storage  tubes 


-  TYPOTRON® 

Type  6577  tube  is  the  first  commercially  available 
storage  tube  which  displays  until  intentionally 
erased,  any  combination  of  63  symbols  or  characters 
at  speeds  of  25,000  characters  per  second. 


The  MEMOTRON®  9 

Type  6498  tube  displays  successive  transient 
writings  until  intentionally  erased.  Careful  analy¬ 
sis  and  comparison  of  wave  forms  now  becomes 
possible  without  photography. 


THIS  IS  A 
DEMONSTRATION  OF 
THE  HUGHES  TYPO¬ 
TRON  VISUAL 
CHARACTER  OISPUY 
STORAGE  TUBE. 

NUMBERS  SYMBOLS 
AND  CHARACTERS  BOTH 
UPPER  AND  LONER  CASE 
MAY  BE  WRITTEN  AT  A 
RATE  OF  25000  LETTERS 
PER  SECOND. 


FINANCIAL  ROUNDUP 


ployccs  who  saw  it  remarked  that 
tlie  size  of  the  demonstration  cores 
(4-inch  o-d)  and  the  machine’s 
existence  testified  to  Russian 
miniaturization  progress. 

I’lic  machine  winds  insulated 
wires  of  O.OS  to  0.1 1  mm  diameter 
on  cores  with  inside  diameters  of 
2  to  5  mm  (0.08  to  0.12  inch). 
It  occupies  little  more  than  a  square 
foot  of  iK-nch  space,  winds  at  120 
to  200  turns  a  minute  and  will 
turn  out  40  cores  with  two  sO-turn 
windings  in  an  hour. 

Winding  is  done  bv  two  rocking 
needles,  similar  to  crocheting 
needles,  and  two  sliders.  I'hc  top 
slider  has  a  notch  to  push  the  wire- 
over  the  top  of  the  core.  The  l)ot- 
tom  slider  has  a  semicircular  end  to 
pull  the  wire  under  the  bottom 
of  the  core. 

I'hc  basic  motion  of  the  ma¬ 
chine  is  shown  in  the  diagrams. 
Ibc  free  end  of  the  wire  is  drawn 
around  the  core  in  discrete  steps 
during  each  cycle  of  the  machine. 

Ilie  rocking  netxllcs  ride  almost 
a  full  circle  in  a  drum  in  the  ma¬ 
chine  case.  The  drum  is  6  or  7 
inches  in  diameter  in  the  model 
('I'ypc  HC-E)  shown.  Eull  circle, 
rather  than  reciprocating,  action  ap¬ 
parently  gives  enough  travel  to  the 
free  end  of  the  wire.  Maximum 
length  of  wire  is  ssO  mm  (14 
inches) . 

I'hc  toroids  lay  on  a  roller  l)ed 
consisting  of  ?  rotating  pins  with 
formed  rublx;r  heads.  The  rollers 
rotate  the  cores  during  winding.  A 
lexer  system  will  spread  the  pins 
to  accept  sexcral  sizes  of  cores. 

Cores  arc  fed  to  the  roller  bed 
by  a  tube  in  which  SO  to  70  cores 
are  loaded  on  a  center  post.  Finger 
pressure  on  top  of  the  tube  ex¬ 
tends  the  post  to  the  roller  Ix-d. 
1  he  rollers  grasp  the  bottom  core 
and  it  slips  oxer  springs  on  the  post 
as  the  post  retracts. 

.■\fter  loading  a  core,  the  oper¬ 
ator  strips  sufficient  wire  off  a  sup¬ 
ply  spool  in  the  machine.  11c  turns 
the  winding  mechanism  xvith  a 
hand  xvheel  until  the  rocking 
needles  engage  the  wire,  then 
turns  on  the  10  xv,  2,000  rpm  drive 
motor.  \  counter  switches  off  the 
machine  on  completion  of  a  preset 
number  of  turns.  By  doubling  up 
the  mechanism,  2  cores  may  be 
wound  with  one  end  of  wire. 


•  Litton  Industries,  Beverly 
Hills.  Calif.,  plans  to  add  another 
string  to  its  boxv  through  acquisi¬ 
tion  of  Airtroii,  Inc.,  of  Linden. 
N.  |.  Proposed  agreement  calls 
for  exchange  of  all  Airtron  stock 
for  undisclosed  amount  of  Litton 
common  and  preferred  stock.  If 
c-onsummated,  the  merger,  planned 
for  .August  1,  xvill  Ik-  numlK-r  18 
for' Litton,  .\irtron  produces  a  line 
of  s|xeialized  mieroxxaxe  prcKlucts 
used  in  adxaneed  missile,  aircraft 
and  ground  installations.  Ihe 
firm's  annual  s;iles  rate  is  about 
SIO  million.  Litton’s  sales  for  the 
first  nine  months  of  its  fiscal  xear 
ending  )ulx  M  xxere  S61.5  million. 
It  looks  for  Sides  in  excess  of  SI 00 
million  in  the  coming  fiscal  xear. 

•  Consolidated  Electrodynamics 
president  Philip  S.  I'ogg  told  mem¬ 
bers  of  the  Nexv  York  Securitx 
.\nalxsts  recently  that  excess  manu¬ 
facturing  capacity  is  eating  into 


Tr.xnsis  roRS,  despite  lapid  accept¬ 
ance  since  1948,  still  haxe  un¬ 
realized  potentials.  I'heir  second 
decade,  starting  now,  promises, 
among  other  things,  reduction  in 


firm’s  earnings.  Consolidated  an¬ 
ticipates  total  Sides  of  $30  to  $35 
million  in  1938  but  has  capacity  to 
produce  enough  products  for  sides 
of  $40  to  $43  million.  The  Pasa¬ 
dena.  Calif.,  firm  lost  $36,000  in 
sear’s  first  quarter  and  will  Ik  j 
luckx  to  break  exen  in  the  second  | 
quiirter,  I’ogg  sidd. 

•  National  Credit  Office  analysis  I 
of  radio-telex  ision-electronic  manu-  ' 
faeturers’  earnings  shoxvs  total  Sides 
of  14  large  companies  in  the  first 
quarter  of  1938  xxere  off  six  |Kr-  j 
ce-nt  from  last  year,  $669.4  million 
against  $746.6  million,  xxhile  earn-  j 
ings  xxere  off  42  ix-reent,  $14.4  mil  | 
lion  compared  xvith  $24.7  million,  i 
Comparison  by  NCO  of  total  sides  j 
and  earnings  of  30  electronic  com-  1 
panics  for  years  1937  and  1936 
showed  sides  xvere  np  sexen  per¬ 
cent,  $3.6  billion  xs.  S3. 4  billion.  i 
while  earnings  xvere  up  9.2  jx'reent,  | 
$97.0  million  against  $88.7  million. 


unit  cost  and  increased  reliability. 

During  Bell  Lab’s  recent  10th 
annixersarv  celebration  of  its  in- 
xention  of  the  transistor,  the  firm’s 
spokesmen  emphasized  that  the 


Sending  piilsc-code-modulated  tv  signals  (left)  thrniigli  telephone  cables  and  repro¬ 
ducing  signals  exactly  (right)  may  be  a  highlight  in  .  .  . 


Transistors:  Next  10  Years 
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IN  RATINGS  FROM 
Va  TO  2  WATTS  PROVIDE  THE 
STABILITY  YOU  WANT  UNDER 
THE  TOUGHEST  LOAD 
AND  HUMIDITY  CONDITIONS 
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semiconductor  inclustrv  is  just  on 
the  threshold  of  inaturitv.  E\en 
without  further  new  diseoseries  or 
dexelopinents.  tliev  sa\.  the  dolla' 
Noluine  of  transistor  sales  should 
exceed  S>00  million  bv  1968.  It  is 
expc'cted  the  associated  diode  mar¬ 
ket  will  at  least  equal  and  |xrhaps 
excc-ed  that  of  transistors. 

Unit  cost  of  transistors  will  also 
come  down,  .\\eragc  price  in 
19s8  is  estimated  at  alxnit  82. sO, 
by  1968  this  should  shrink  to 
80.70.  Transistors  used  in  the  en 
tertainment  area— radio,  telesision 
and  the  like— may  drop  m  cost  from 
present  81  to  80.35  per  unit. 

Top  challenge  facing  researchers: 
development  of  cheap,  adequate 
surface  protection  techniques. 

New  materials  which  will  come 
to  the  fore  in  the  next  decade  are 
indium  phosphide  and  gallium 
arsenide.  ’Thc.se  intermetallic  com¬ 
pounds  permit  operation  at  tern- 


This  week  control  tower  personnel 
at  New  York’s  LaGuardia  .Mrport 
began  using  closed  circuit  tv  to  ob- 
serse  one  of  the  field’s  major  run- 
wavs.  View  of  this  portion  of  the 
field  is  blocked  by  hangars. 

.\t  end  of  5,000-ft  instrument 
runwav,  a  h  camera  now  picks  up 
all  traffic  activity.  The  camera  uses 
a  telephoto  lens  fixed  at  infinitv. 

A  housing  200  feet  awav  from 
camera  enclosure  contains  control 
equipment  o|K'rated  from  tower. 
Coaxial  cable  designed  to  pros  idc 


pcraturcs  of  between  300  to  -100  C 
while  proxiding  wide  ficqucncv 
range  and  broad  bandwidth. 

Oexices  xvill  be  dexeioixd  which 
capitalize  on  axalanche  multiplica¬ 
tion  and  electronic  xoltagc  break- 
doxxn  ])henomcna  exhibited  bv 
/j-ii  junctions.  This  achievement 
xvill  jrroduce  transistors  hax  ing 
time  constants  betxxeen  10'"  and 
10*'*  sec.  \'olt.ige  regulators  al¬ 
ready  dex  eloped  operate  tli  rough 
u.se  of  these  breakdoxxn  effects.  It 
is  also  possible,  bv  coufining  this 
effect  to  a  single  microscopic  re¬ 
gion  of  the  crystal,  to  generate 
microxxaxe  energx.  Such  a  dexice 
could  then  be  adapted  to  amplifi¬ 
cation  applications  in  the  milli¬ 
meter  xxavelength  range.  .\lso, 
light  emission  properties  of  p-ii 
junctions  xxhen  operated  in  the 
axalanching  rexerse  biased  condi¬ 
tion  may  be  used  to  interrogate 
million-bit  photographic  plates. 


Control  toxxcr  o|Krator  (left)— his  vision 
blocked  by  hangar— uses  remote  camera 
to  check  runxxav  activity 


shielding  against  great  amount  of 
radio  transmission  actixitx  on  the 
field  connects  the  three  points  in 
the  sxstem. 

A  light  compensation  unit  in 
control  section  proxides  automatic 
iris  control  for  24-hr  o|X'ration. 

Equipment  for  the  sxstem  xxas 
designed  bv  .Mien  B.  DuMont  l.al> 
oratories.  Installation  was  bv 
Sound  Sx stems,  Inc.,  Nexv  ^Ork, 
N.  Y,  Materiel  costs  for  similar 
sxstems  at  other  airports  xxould  be 
about  812,000. 


MEETINGS  AHEAD 

July  16-18:  Forestry  Conserxation  Com¬ 
munications  \ssoc.  (FCC.M,  Nintli 
.\mmal  Conf.,  Parker  House,  Boston, 
.Mass. 

.\Hg.  1-3:  'Texas  F.lcctroiiic  Clinic  ami 
lair,  Statlcrl  liltou  Hotel,  Dallas, 
Tcxiis. 

.\ng.  6-8:  S|xcial  Tech.  Conf.  on  Non¬ 
linear  .Magnetics  and  .Magnetic  Am¬ 
plifiers,  AIKK,  Hotel  Statlcr,  la»s 
\ngeles. 

.\ng.  13-15:  Conf.  on  l.lcctromcs 

Standards  and  .Measurements,  .Ml\l'., 
IFF,  NBC,  National  Bnrean  of 
Standards  Ijbs.,  Boulder,  Colo. 

.\ug.  13-15:  Seventh  Annual  Conf  on 
Industrial  Spplieations  of  \-ray 
\nalysis,  Deiixer.  Colo. 

Aug.  18-23:  International  Cainf.  on 
Senn-Condnetors,  International  Un¬ 
ion  of  Pure  and  \pplied  Plixsies, 
Rochester,  N.  ^  .,  Contact:  .M,  11. 
Hebb,  CF,  P.O.  Box  lOSS,  Schenec¬ 
tady,  N.  3'. 

.\ng.  19-22:  W’estern  Tleetrome  Show 
and  Convention.  I.os  \ngeles,  Calif., 
WI.SCON.  IRF,  WCIAIA.  Pan 
Pacific  .\nditorinni,  Xnilwssiidor 
Hotel.  1.  A 

,\ng.  25-29:  |■'.lectronle  Proixrties  of 
.Metals  at  Tow  Temperatures,  Inter¬ 
national  Union  of  Pure  and  \pphed 
Plixsies.  CeiKxa,  N.  3  ..  Contact  M. 
D.'Fiske,  C;F..  P.O  Box  HISS.  Sehe- 
neetady,  N.  Y. 

Aug.  26-Scpt.  6:  British  National  Ra¬ 
dio  Show,  Radio  Indnstrx  Conneil, 
I'.arls  Court.  Tondoii 

Sept.  3-5;  .\pphc3tion  of  Fleetrieal  lii- 
snlatioii.  Tirst  National  Conf., 
MF.K.  NFMA.  Cleveland.  Ohio 

Sept.  12-13:  Connnnnieatioiis  Cont., 
IRT,,  Sheraton  Monrose  Hotel.  Cadar 
Rapids,  loxxa 

Sept.  15-19:  Thirteenth  \nimal  Instrn- 
ment  .\ntomatioii  C'oiif  and  T.xhibit. 
ISA,  Philadelphia  Conxention  Hall, 
Pa. 

Sept.  22-24;  .National  Sxm|>osiniii  on 
Telemetering.  Americana  Hotel.  Mi¬ 
ami  Beach,  and  Patrick  \ir  I  oree 
Base  (Sept.  25). 

Sept.  24-25;  Seventh  \mnial  Sxm- 
]>osinm  on  Industrial  T.leetronies, 
Raekham  Memorial  \nditorinm,  De¬ 
troit.  .Michigan 

Oct.  1-2:  Radio  interference  Reduc¬ 
tion,  U.  S.  .\riiix  Signal  Research  &• 
Devel.  Ijbs..  IRTi,  .Vrnionr  Research 
l‘'oimdation,  Chicago,  III. 

Oct.  6-7;  Symposinin  on  TAteiided 
Range  and  Space  Connnnnieations, 
IRIs  and  Ceorge  Washington  Univ. 
I.isiier  .\nditorinni.  W  ash.,  D.  C. 


Airport  Tv  Ends  Blind  Spot 
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NOW!  AN  ENGINEERED  AND  CONTROLLED  TEFLON* WIRE 


Auto-Lite  engineering,  plus  constant 
laboratory  checking  and  rigid  quality 
controls  assure  you  of  the  finest 
quality  Teflon  insulations. 

Teflon  tetrafluoroethylene  resins,  as  applied  by 
Auto-Lite,  meet  the  standards  of  MIL-W-16878B, 
Types  E  and  F>E,  and  Class  H  as  designated  by  AIEE. 
Teflon  wire  insulation  by  Auto-Lite  can  operate  con¬ 
tinuously  at  temperatures  higher  than  400°F  and 
lower  than  —  80°F  and  still  maintain  excellent  di¬ 
electric  properties. 

Because  of  Teflon’s  high  dielectric  characteri-st  ics,  thin 
wall  insulation  is  effective  in  simplifying  miniaturize<l 
component  part  assemblies.  Teflon  insulation  will  not 
burn,  melt  or  decompose  at  soldering  temperatures; 
soldering  is  easier  and  the  danger  of  accidental 
grounding  minimized. 


Auto-Lite  applications  of  Teflon  insure  a  non-inflam¬ 
mable  insulation,  completely  unaffected  by  sunlight 
or  outdoor  weathering.  Teflon  resins  resist  corrosion, 
the  growth  of  fungus,  and  are  free  from  water  absorp¬ 
tion  by  A.S.T.M.  test  D570-42. 

Auto-Lite  is  equipped  to  supply  extruded  or  taped 
types  of  Teflon  insulations  in  a  choice  of  colors.  When 
you  buy  Auto-Lite,  you  buy  precision  engineering, 
laboratory  and  production  controls  that  Auto-Lite 
uses  to  manufacture  all  of  its  wire  and  cable  products. 

’Tenon— Repstertd  trademark  ol  E  I.  du  Pont  de  Nemours  &  Co  (Inc.) 

QUICK  DELIVERY  FROM  THESE  PLANTS  AND  WAREHOUSES: 

•  Port  Huron.  YUkon  5-6131 

•  Yonkoro,  New  York.  Oxford  7-744-0 

•  Chicago,  Illinois,  WEbster  9-3144 

•  Hazleton,  Pa.,  GLadstone  5-4781 

•  Loa  Angeles,  Calif.,  FAculty  1-2184 

•  Cincinnati,  Ohio,  PRinceton  1-8100 


AUTO-UTE 


THe  ELECTRIC  AUTO-LITE  COMPANY 
TOLEDO  1.  OHIO 


WIRE  &  CABLE  ►  SPECIAL  FABRICATIONS  ►  INSTRUMENTS 
PLASTICS  &  NON-METALLICS  ►  FOUNDRY  GROUP 
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or  a  COMPLETE  DIGITAL,  MISSILE 

ELECTRICAL  CHECKOUT  SYSTEM 


for  measuring  DC  to  0.01%,  AC  to  0.1%,  Ohms  to 
0.01%,  DC  ratios  to  0.01%  and  AC  ratios  to  0.02% 


Standard,  off-tho^helf  modules  never  become  obsolete -provide 
maximum  versatility.  As  needs  change,  simply  regroup  old  mod¬ 
ules  or  add  new  ones.  Your  system  is  always  current  at  minimum 
cost  and  engineering.  Internal  construction  is  also  modularized 
for  ease  of  maintenance. 

Fully  transistorized  circuits  result  in  increased  reliability,  reduced 
power  consumption,  low  heat  dissipation,  miniaturized  packages, 
and  eliminate  radio  noise  and  line  transients. 

Important  new  specifications— Wider,  dynamic  ranges  cover  all 
voltages  from  100  microvolts  to  1,000  volts;  resistance  from  10 
millicmms  to  10  megohms.  Input  power  frequencies  from  50  to  400 
cycles.  New  balance  logic  speeds  down  ranging.  Automatic  AC 
ranging  from  30  to  10,000  cycles.  Use  of  transistors  increases 
switch  life  by  a  factor  of  three. 

Wide  selection  of  input  and  output  modules  for  operating  printers, 
IBM  punches,  etc.,  can  be  accommodated  without  moaincations. 
All  contacts  are  accessible  at  rear  panels  with  connectors.  With 
plug-in  modules,  digitized  data  is  provided  in  printed  form, 
punched  cards  or  tape  without  modification  to  basic  measuring 
instruments. 


Thit  Short  Form  Catalog 

give$  complete  tpecificatiottg 
on  both  basic  and  auxiliary 
modules.  Ssttd  it  It .. .  laday* 


IMO. 

3794-  Roeecrans  Street 
San  Diego,  California 
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EIMAC 


Covering  the  Spectrum 

with  Relidble  Ceramic  Tubes 


I 

It 


From  audio  into  super  high  frequencies, 
Eimoc  covers  the  RF  spectrum  with  modern 
ceramic  tubes.  This  incomparable  ceramic 
electron  tube  family  — more  than  one-third 
of  the  Eimac  line  —  includes  reflex  ond 
amplifier  klystrons,  negative  grid  tubes, 
rectifiers,  pulse  modulators,  and  receiving 
tubes.  The  tubes  illustrated  are  typical  of 
more  than  40  Eimac  ceramic  tube  types 
that  are  being  selected  by  leading  equip¬ 
ment  manufacturers  for  use  in  oil  types  of 
applications  —  from  tropo-scatter  to  indus- 
triol  heating,  from  single  sideband  to  pulse. 

The  advantages  of  reliable  Eimac  ceramic 
tubes  include:  resistance  to  damage  by 
impact,  vibration,  and  heat;  smaller  size; 
and  better  processing  techniques. 


||  A 


EITEL-MIcCULLOUGH,  INC. 


with  ceramic  tubes  that  can  take  it 


PRODUCTS  DESIGNED  AND  MANUFACTURED  BY  EIMAC 
Negative  Grid  Tubes  Vacuum  Tube  Accessories 

Reflex  and  Amplifier  Klystrons  Vacuum  Switches 

Ceramic  Receiving  Tubes  Vacuum  Pumps 

Includes  the  most  extensive  line  of  ceramic  electron  tubes 


■ 


Especially  designed  to  meet  the  rigid  size  and  weight  requirements  of  airborne 
instrumentation,  Statham’s  new  strain  gage  carrier  amplifiers  are  transistorized 
throughout.  Operating  from  normally  available  28-volt  DC  excitation, 
these  units  supply  excitation  to  any  strain  gage  transducer  of 
desired  range,  amplifying  and  demodulating  the  trans¬ 
ducer’s  low-level  signals  to  provide  an  output  of  from 
0  to  5  volts  DC.  When  you  require  unprece-  ~ 
dented  accuracy  and  reliability  in  the 
amplification  of  signals  from  your 
strain  gage  instrumentation, 
specify  a  Statham 
strain  gage 
amplifier. 

Model  CA3  Strain  Gage  Amplifier  Model  CAS  Strain  Gage  Amplifier 

EXCITATION:  28  volts  DC,  .t5% 

OUTPUT;  0  5  volts  DC 

FREQUENCY  RESPONSE:  Flat  from  0  up  to  2000  cps 
NON  LINEARITY  AND  HYSTERESIS:  -^1/2% 

OPERATING  TEMPERATURE;  -65*  to  -4-165*F. 

OUTPUT  IMPEDANCE:  lOK  ohms  (lOOK  recommended  load) 

WEIGHT:  14.5  ounces,  approximately 

For  complete  technical  data,  irrite  to: 


INSTRUMENTS,  INC. 

12401  W.  Olympic  Blvd.,  Los  Angeles  64,  California 
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The  new  subminiature  Burnell  Adjustoroids  utilizing  an  ingenious  pat¬ 
ented  method  of  magnetic  biasing  cover  a  wide  range  of  frequencies, 
occupy  less  space  and  are  available  at  low  cost. 

New  Burnell  Adjustoroids  possess  all  the  outstanding  characteristics  of 
non-adjustable  toroids  including: 

Precise  continuous  adjustment  of  inductance  over  a  10%  range. 

No  need  for  external  control  current. 

Hermetic  sealing  to  meet  Government  MIL  E  #  15305-A  specifications. 

If  your  Adjustoroid  needs  can’t  be  met  from  our  stock  catalogue,  we’ll  be 


FW 

— 

--4  n:^ 

--•ntt — 

glad  to  manufacture  to  your  specifications. 


length  / 

Dio.  Width  Hgt. 


Wt.  freq.  Kong#  Max  Q 


A^x  I 
in  hyt 


AT  0 

I'u 

2  ox 

1  kc  10  20  kc 

10  kc 

3  hyt 

AT-I 

1^4 

I4ii 

in- 

7.2501 

2  kc  to  10  kc 

4  kc 

IShyt 

AT-2 

214 

2'/4" 

24  oz 

Below  2.S  kc 

2.Skc 

123  hyt 

AT-4 

l’\4 

1V4" 

4  oz 

1  kc  to  16  kc 

6  kc 

IShyt 

1'44 

1" 

2  oz 

10  kc  to  100  kc 

30  kc 

.73  hyt 

- 

AT-IO 

1’V. 

l'/4" 

4  oz 

3  kc  to  50  kc 

20  kc 

.73  hyt 

AT-II 

•S4 

V4“ 

.83  or1 

2  kc  to  2S  kc 

ISkc 

5  hyt 

AT-12 

•H. 

F 

.83  01 

ISkc  to  ISOkc 

60  kc 

.3  hyt 

AT-IS 

>”17 

UV 

14  oz 

Bolow  S  kc 

4kc 

123  hyt 

AF-SI 

r\4 

2" 

5  oz 

30  cp>  to  SOO  cpt 

120  cpt 

1000  hyt 

AFS3 

2" 

5  oz 

50  cpt  to  1  kc 

2S0  cpi 

1000  hyt 

AF  87 

•H* 

IV4" 

1 .7  oz 

90  cpt  to  2  kc 

400  cpt 

80  hyt 

AFBI 

A 

A 

1V4'' 

1.7  01 

16  keto  4  kc 

42  hyt 

7iC. 


PIONEERS  IN  TOROIDS,  FILTERS  AND  RELATED  NETWORKS  £-7 

EASTERN  DIVISION  PACIFIC  DIVISION 


10  PELHAM  PARKWAY 
PELHAM.  N.  Y. 
PELHAM  8-5000 
TELETYPE:  PELHAM  3633 


720  MISSION  STREET 
SOUTH  PASADENA.  CALIFORNIA 
RYAN  1-2841 

TELETYPE:  PASACAL  7578 
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CLEVITE 


A  BASIC  DESIGN  FOR  STANDARD  REQUIREMENTS 
.  .  .  CUSTOM  CONFIGURATIONS  FOR  SPECIAL  APPLICATIONS 


Clevite  "Brush”  Multi-Channel  Heads  offer  distinct 
advantages  for  system  manufacturer  and  user  alike  ,  .  . 
providing  comparative  ease  and  speed  of  installation, 
alignment  and  replacement  .  .  .  precise  dimensional  uni¬ 
formity  .  .  .  extremely  rigid  mounting. 

Clevite’s  basic  design,  in  1  to  32  channel  form,  meets 
most  standard  customer  requirements  on  commercial, 
industrial,  scientific  and  military  equipment.  Slight  mod¬ 
ifications  adapt  them  to  many  special  applications.  In 
addition,  Clevite  supplies  custom  designs;  several  are 
shown  below. 

As  an  independent  magnetic  head  specialist,  Clevite 
provides  unmatched  design  experience  and  production 
economy.  One  of  our  specialists  will  be  pleased  to  discuss 
yoiur  application  by  detailed  correspondence  or  personal 
visit.  Write:  Product  Manager,  Magnetic  Heads,  Clevite 
Electronic  Components, 3311  Perkins Ave., Cleveland  14,0. 


STANDARD  — In  1  to  32  channels, 
for  ta|K*  widths  from  H"  to  2", 
All-metnl  or  epoxy  faces. 


GAR  .  MOUNTED  —  Multi  •  channel 
head  cartridges,  easily  removed 
and  replaced  with  no  close  adjust¬ 
ment  necessary.  Bracket  and 
cartridges  have  lapped  surfaces 
providing  reference  positions  to 
gap  perpendicularity,  azimuth  and 
contact  adjustment. 


REDUNDANT  — Close-spaced  rec¬ 
ord  -  reproduce  head  speeds  data 
processing  by  reading  and  check¬ 
ing  tape  immediately  after  record¬ 
ing.  Reduces  necessary  equipment 
and  power  for  checking  register. 


INTEGRAL  BLOCK  INTERLACE— Pro¬ 
vides  twice  the  number  of  chan¬ 
nels  possible  with  a  single  head  of 
the  same  width.  Minimum  cross- 
talk  and  maximum  output  at  no 
sacrifice  in  number  of  tracks. 
Clevite  builds  heads  of  this  design 
to  telemetering  standards  of  spac¬ 
ing  and  performance. 


Conventional,  High  resolution  or  flux-responsive  performance  is 
available  in  any  standlarcl  or  special  multi-channel  configuration. 


MAGNETIC  HEADS 
TRANSDUCERS 
PIEZOELECTRIC  CRYSTALS, 
CERAMICS  AND  ELEMENTS 


' : 


I 
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flyn  Insulation  Resistance 
and  Low  Power  Factor 


Polystyrene  Capacitors 


are  wound  with 


Acrovox  Polyilyreno  Capacitor*  are  Jc- 
tigned  for  appiiralion*  where  tlablllty 
and  low  dielectric  absorption  are  esten* 
Ual— suck  at  computing  device*,  tuned 
circuit*  demanding  highest  Q  standard*, 
capacitance  bridge*,  and  laboratory 
stairdard*.  They  are  available  in  many 
case  style*  and  in  capacities  from  0.001 
mfd  to  23.  mfd.  and  in  voltage  ratings 
from  100  VDC  to  1600  VDC. 


ImEROVOX  Corporation,  with  ten  plants 
from  coast  to  coast,  have  been  manufacturing  capacitors 
since  1922.  As  leaders  in  the  held,  they  have  been  quick 
to  take  advantage  of  new  and  better  materials,  and  to 
anticipate  the  demands  of  the  fastest  growing  industryiw 


electronics. 


Natvor  Products 


•  VorniiMd  combric— <lolh  ond  lep« 

•  Vofnishod  convoi  ond  dwch 

•  Vttinish«d  tilh  ond  sptciol  royon 

•  Vovnish«d->Siticon«  cootod  Fiborglot 

•  Vornishod  pop«rt~rop«  ond  kroM 

•  Slot  (til  cofobinotient,  Abeplot^ 

•  Isoflos*  shoot  ond  top* 

•  Uolostono^  shoot,  topo,  twbin9 
ond  slooyinp 

•  Vinyl  cootod—vornishod  twbing 
ond  sloovinp 

•  Sotrodod  vinyl  twbinp  ond  top* 

•  StyroSoa  *  Aoniblo  polystyrono  topp 

•  f  otrwdod  idontiScotion  morkors 


Ask  for  Catalog  No.  24 


They  use  Natvar  Styroflex  because  it  has  all  of  the  out* 
standing  properties  of  polystyrene,  plus  complete  flexi* 
bility.  toughness  and  uniformity. 

Natvar  Styroflex  is  available  in  standard  thicknesses  from 
.0004^^  to  .006^^  in  rolls  from  to  approximately  10^^  in 
width.  Ask  for  data  sheet  St*l. 

NATVAR  CORPORATION 

rORMIRlV  THE  NATIONAl  VARNISHED  PRODUCTS  CORPORATION 
TEIEPHONE  CAIIE  ADDRESS 

FUITON  S-SIOO  NATVAR;  RAHWAY.  N.  J. 

201RANDOIPH  AVINUE  •  WOODBRIDOE,  NEW  JERSEY 
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Interv 


Meters 


Timers  for  Automatic  Controi 
...Standard  or  Speciai? 


You’ll  get  quick  deliveries 
from  Industrial  Timer 

If  slow  deliveries  of  timers  hove  been  delaying  you  in  your 
automatic  control  projects,  try  us!  True,  your  problem  may 
be  different  and  difficult  indeed,  for  no  two  automatic  con¬ 
trol  jobs  are  exactly  alike.  But  our  record  in  helping  out  in 
situations  like  these  is  excellent.  For  in  this  field  we  have  a 
valuable  background,  twenty  years  of  timer  experience  to 
be  exact,  that  has  provided  us  with  the  special  knowledge 
required  to  supply  our  customers  with  the  right  answers. 

How  do  we  do  it?  The  answer  is  in  what  we  believe  to  be 


the  largest  variety  of  standard  and  combination  timer  units 
anywhere  in  the  industry.  To  fill  the  widely  varying  needs  of 
our  customers,  we  manufacture  a  complete  line  of  timers  in 
the  four  broad  classifications  illustrated  above;  Time  Delay 
Timers,  Re-Cycling  Timers,  Interval  Timers,  and  Running  Time 
Meters.  From  these  our  timer  engineers  have  developed  20 
basic  types  which  they  have  so  for  combined  in  over  1000 
different  ways.  Therefore— many  jobs  that  would  seem  to 
require  a  special  timer,  are  in  fact,  a  standard  timer  with  us. 

And  our  large  stock  assures  you  of  rapid  deliveries— even 
when  we  have  to  create  a  brand  new  timer  for  your  special 
needs.  So  why  not  send  us  your  specifications.  You'll  get  n 
prompt  reply  and  you  may  save  yourself  much  lost  motion. 

AFFILIATE-LINE  ELECTRIC  COMPANY 


rimers  that  Control 
the  Pulse  Heat  of  Industry 


INDUSTRIAL  TIMER  CORPORATION 

M09  McCAftrEft  HIGHWAY,  NEWARK  4,  N.  J. 
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Minkilwre  10  Amp  4  PDT 


DmMlgned  lor  ffoo/ffonco  fot 


100  grovify  unit* 


VUiratipn — 5  lo  55  cp*  of  0.5  inch  doubi* 
amplitud*  55  to  2000  cpt  ot  30 
gravity  units 


Now  with 

Stabilized  Construction^ 


Includes  materials  and 
processing  necessary  to 
minimize  contact 
resistance  variations  and 
dielectric  deterioration 
during  life  due  to 
contact  contamination, 
mechanical  wear  and 
shift  of  adjustments 
with  temperature. 


Of  her  SpocMIcofiovtAX 


C««tcKt  Rating:  10  omports 

r*si$tiv«,  8  amp«r*s  inductiv*,  ol 
volts  d'C  orj  15  vohs  a>c  400  cp$ 


W«l«htt  5.3  ouncos 


Cmutact  R«tl6tanc«:;^01  ohm  mox.  inftfol 


Contocf  Arron9*m«nft  Four  Polo 
Ooubit  Throw 


TYPE  CH-120 
actual  size 


The  Allied  CH-12D  Relay  was 
developed  to  meet  the  more  rigid 
requirements  of  vibration,  shock, 
temperature,  rupture  and  overload 
conditions  of  the  latest  MIL  spec. 
This  relay  is  constructed  with  the 
latest  improved  materials  and 
processes  available.  This  relay  is 
available  with  other  mounting 
arrangements,  such  as  4  mounting 
studs,  2  mounting  studs  or  holes 
with  Allied  MHY'12D  mounting 
dimensions.  For  additional 
information  write  for  Bulletin  CH. 


At.lSS 


different  basic  insulations 


04  different  insulation  constructions 
100,000+  different  types  and  sizes 

dn  round,  square  and  rectangular  fabric  and  film  coated  magnet  wires) 


Add  them  up!  EXTRA  care  in  drawing  and  annealing — EXTRA  care  in  insulating 
techniques!  EXTRA  rigorous '"in-process”  testing  of  wire  from  every  machine 
each  day  plus  100%  final  inspection!  EXTRA  quick  identification  of  size  and  type 
on  easy-to-read,  color  coded  labels . . .  and  EXTRA  attention  to  packaging 
(spool,  reel,  and  Magna-Pak*)  at  each  of  the  four  plants. 


MAGNET  WIRE  DIVISION,  Essex  Wire  Corp.,  Fort  Wayne  6,  Indiana 


Manufacturing  Plants:  Birmin9hom,  Alabama;  Anohaim,  California;  Fori  Wayno,  Indiana;  Hillsdalt,  Michigan 


NATIONAL  NETWORK  OF  WAREHOUSES  AND  SALES  OFFICES...  CALL  YOUR  LOCAL  “ESSEX  MAN 
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Two  Typo  7191't  roceivo  special  “D.C.  hold-off”  vibration 
teat.  All  Tung-Sol/Chatham  miniatura  hydrogen  thyratrona 
—  7190,  7191,  7192  — must  "hold  off”  while  subject  to  150 


vibration,  swept  from  50  to  2,000  cps  in  4  minutes.  Tubes 
also  are  shocked  at  48*  hammer  angle  in  Navy  high-impact 
flyweight  shock  machine,  equal  to  720G/1  millisecond  shock. 


Tung’Sol/Chatham  miniature  hydrogen  thyratrons 
supply  test-proved  ruggedness  for  missile  use! 


Extensive  in-factory  tests  assure  designers 
Tung-Sol/Chatham  miniature  hydrogen  thyratrons 
—  7190,  7191,  7192  —  can  withstand  the  severe 
shock  and  vibration  met  in  missile  flight.  Perform¬ 
ance  of  these  tubes  in  several  operational  missiles 
gives  in-use  proof  of  their  ruggedness. 

In  radar  modulators  and  tracking  beacons,  these 
compact  tough  tubes  supply  10  KW,  replace  bulkier 
types.  Broad  range  of  pulse  repetition  rates  widens 
design  choice  .  .  .  zero  bias  simplifies  circuitry  and 


triggering  requirements.  Tubes  hold  off  high  volt¬ 
age,  pass  high  peak  current  with  low  tube  voltage 
drop.  Three  types  available:  7 190  —  pin  base,  7191 
—  top  anode  connector,  7192  —  flexible  leads. 

Tung-Sol,  only  producer  of  miniature  hydrogen 
thyratrons  for  missiles,  can  supply  you  immediately. 
For  complete  data  on  these  types  ...  on  special- 
purpose  tubes  of  all  types,  phone  or  write.  Tung-Sol 
Electric  Inc.,  Newark  4,  New  Jersey.  Commercial 
Engineering  Offices:  Bloomfield  and  Livingston, 
New  Jersey;  Culver  City,  California;  Melrose  Park, 
Illinois. 


»TUNG-S0L' 


mam  VHTW  ruMstmm  komtu  k  nki  swfua 
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Sola  Eltctric  Co.,  4633  W.  16th  St.,  Chicago  50,  III.,  Bishop  2-1414  •  Offices  in  Principal  cities  •  In  Canada,  Sola  Electric  (Canada)  Ltd.,  24  Canmotor  Ave.,  Toronta  14,  Ont. 


MEMY  UMP  lUnraMEC 


FiMtntnn  ump  uiusn 


Unregulated 
AC  Input 


SIlViPLiE,  regulated  DC  power  supply 


Sola  Constoot 
Voltage  Transformer 


High 

Capacitance 

Filter 


.  Regulated 
DC  Output 


Semiconductor 

Bridge 

Rectifier 


Basic  schematic  cJiagram  of  Sola  Constant  Voltage  DC  Power  Supply 
illustrates  its  design  simplicity.  Electrically  and  mechanically,  these 
dc  supplies  are  extremely  reliable  due  to  this  basic  simplicity. 


Write  for  Bulletin  7G-OC>235 


J0. 


Fixed  output  —  six  rot- 
ings  available  from  stock 


Adjustable  output  — 
six  ratings  from  stock 


Custom-designed  units 
produced  to  your  specs 


semiconductor  rectifier,  and  3)  a  high- 
capacitance  filter.  It’s  that  simple.  It’s 
extremely  dependable. 

Regulation  is  ±1%  against  line  voltage 
variations  up  to  ±10%.  Ripple  is  within 
1%  rms.  Outputs  are  in  the  “ampere  range.’’ 
It’s  particularly  well-suited  for  use  on  ap¬ 
paratus  with  pulse,  intermittent,  or  variable 
loads.  Efficiency  is  high. 

The  Sola  Constant  Voltage  DC'  Power 
Supply  is  simple,  c-ompact,  very  reliable, 
and  moderately  priced. 


Emerson  said,  “To  be  simple  is  to  be  great,” 
and  that  perfectly  describes  the  Sola  (Con¬ 
stant  Voltage  DC  Power  Supply.  If  you 
want  to  keep  your  apparatus  as  simple  as 
you  can  (especially  if  it’s  basically  com¬ 
plicated)  this  dc  supply  will  do  it. 


You  needn’t  worry  about  manual  adjust¬ 
ments  or  maintenance  in  the  field.  There 
are  no  moving  or  expendable  parts  ...  no 
tubes.  The  entire  supply  is  a  unique  com¬ 
bination  of  three  components:  1)  A  special 
Sola  (Constant  Voltage  Transformer,  2)  a 
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Air  Force  space  and  operational 
programs  offer  you 
unique  professional  challenge 
and  oppmiunity 


as  a  civilian 


Paste  on  Postcurii  and  Mail  or  Write  to: 


ENGINEERS 


Among  the  myriad  current  and  projected  programs  of  the  U.  S. 
Air  Force  lies  a  challenge  and  opportunity  for  civilian  electronic  and 
electrical  engineers  with  varying  degrees  of  specialty  and  experience. 
These  areas  include:  the  research,  development  and  maintenance 
es.sential  to  sustaining  qualitative  superiority  for  the  operational 
Air  h'orce;  research  and  development  in  IKHM  and  K'KM  fields;  the 
projection  into  outer  space  and  return  of  manned,  piloted  vehicles. 
Stimulating  assignments  now  exist  for  qualified  men  in  these 
categories. 


As  an  Air  Force  Civilian  Electronic  or  Electrical  hmgineer  you; 


WORK  ...  in  a  fine  creative  atmosphere . . .  with  foremost  men  in  the 
field  . . .  with  most  modern  equipment  and  facilities  ...  in  more  than 
one  specific  program ...  in  geographic  location  of  your  choice. 


RECEIVE  ...  assured  income  ...  low-cost  life  insurance  ...  promo¬ 
tions  from  within  . . .  excellent  retirement  and  compen.sation  plans . . . 
protection  from  arbitrary  .separation  . . .  liberal  sick  and  vacation 
leave  plans. 


ENJOY. ..  expanded  .scojw  of  a.ssignment . . .  prote.ssional  prestige 
and  recognition  ...  job  .satisfaction  ...  participation  in  opening  new 
frontiers  and  conquering  space. 


For  full  details  mail  the  coupon  below. 


Air  Force  Civilian  Personnel.  Dept.  KL2 
Box  7<>0S,  Washinjfton  4,  D.  C. 

IMease  send  me  further  information  on  U.  S. 
Air  Force  Civilian  Personnel  opportunities. 

Name - - - 


CHALI-ENGE 

SCOPE 

CREATIVITV 


Dettree(s) - 


Specialty - 


_ Aone _ State 


ELECTRONIC: 

ELECTRICAL; 


U.S.  Air 
Force 
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you  can 


f  .  - 

with  missiles! 


Missiles  are  still  in  their  infancy.  And  that 
precocious  young  child  of  the  electronics  industry — 
AC’s  Inertial  Guidance  System — offers  one  of  the 
greatest  opportunities  in  the  entire  field. 

Why  not  go  up  and  grow  up  .  .  .  with  AC  and  with 
missiles?  You  can  work*  with  a  team  of  engineering 
experts  on  AC’s  vital  and  far-reaching  guidance 
systems.  Or,  you  can  exercise  your  talents  on  the 
development  and  production  of  many  other  electronic 
projects  that  make  AC  a  new  leader  in  the  industry. 
What’s  more,  you’ll  enjoy  the  stability  and 
security  and  benefits  that  General  Motors  offers 
all  their  personnel. 


*  If  this  kind  of  opportu^ty  intrigues  yoS  .  .  and  if  you  are  a  graduate  engineer  in 
the  electronic,  electrical  fir  mechanical  freidf — or  in  gyroscope  design  .  .  .  AC  would  like 
to  hear  from  you.  Your  inq^'ry  will  receive  an  interesting  response  from 
Mr.  Cecil  E.  Sundeen,  Supervisor  of  Tedhnical  Employment,  Dept.  A, 

1925  E.  Kenilworth,  Milvf^kee  1 ,  Wiscdf^in. 


Producers  of;  AChiover  Inortioi  Owidanco 


Aftorbumor  Fuel  Controls 


Bombing  Novigotionol  Computers 


Gun-Bomb-Rocket  Sights  •  Gyro-Accelerorr^^rs  •  Gyroscopes  •  Speed  Sensitive  Switches  •  Speed  Sensors  •  Torquemeters 


SPARK  PlUO  ^  THI  niCTRONICS 
DIVISION  OP  eiNIRAL  MOTORS 
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YOU  GET  33  TIME^THE  ADJUSTABILITY 
WITH  BOURNS  POTENTIOMETERS! 

Compared  with  the  conventional  single-turn  rotary  potentiometer,” 
the  adjostobility  of  Bourns  potentiometers  is  a  33:1  improvement. 

Providing  9000”  of  rotation  instead  of  270”,  Bourns  potentiometers 

simplify  and  speed  up  the  adjustment  or  balancing  of  circuits. 

You  con  repeat  any  setting  quickly  and  easily. 

Settings  are  vinuolly  immune  to  shock,  vibration  and  acceleration. 

Translotory  action  of  wiper  provides  inherent  stability.  The  rigidly 

mounted  wiper  is  driven  by  a  threaded  stainless  steel  shaft, 
which  is  actuated  by  your  screwdriver.  No  need  to  recheck  settings  after 
a  lock-nut  is  tightened.  There  isn’t  any  lock-nut. 

Available  with  printed  circuit  pins,  solder  lugs,  or  stranded  insulated  leads. 


^oxjFtJsrs 

Laboratories,  Inc. 

P.  O.  Box  2112-B  •  Riverside,  Californio 

ORIGINATORS  Of  TRIMPOT}!'  AND  TRIMIT® 
PIONEERS  IN  POTENTIOMETER  TRANSDUCERS  FOR  POSITION.  PRESSURE  AND  ACCELERATION 

Prolucivd  bv  U.S.  Pottntj  2. 706, 230;  2,777,926.  0*her  Potcnts  Pending. 
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A  Transformer  becomes  a  precision  device 
with  Allegheny  Magnetic  Materials  in  the  core 


★  ALLEGHENY  SILICON  STEEL 


★  ALLEGHENY  4750 


★  ALLEGHENY  MUMETAL 


STEELMAKERS  to  the  Electrical  Industry 


Allegheny  Ludlum 
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The  operation  of  a  transformer  is  no 
better  than  the  magnetic  core  around 
which  it  is  built.  With  Allegheny  mag¬ 
netic  materials  in  the  core,  you  get  the 
best — uniformly  and  consistently. 

Sure  there  are  reasons  why!  For 
one  thing,  there’s  the  long  experience 
of  a  pioneer  in  development  and 
quality  control  of  electrical  alloys. 
But  most  important,  the  A-L  line 
offers  complete  coverage  of  any  re¬ 
quirement  you  may  have,  any  service 
specification.  It  includes  all  grades  of 
silicon  steel  sheets  or  coil  strip,  as 
well  as  Allegheny  Silectron  (grain- 


oriented  silicon  steel),  and  a  wide 
selection  of  special  high-permeability 
alloys  such  as  Allegheny  4750, 
Mumetal,  etc. 

In  addition,  our  service  on  mag¬ 
netic  materials  includes  complete 
lamination  fabrication  and  heat  treat¬ 
ment  facilities.  What’s  more,  this 
extensive  experience  in  our  own  lam¬ 
ination  stamping  department  is  a 
bonus  value  for  all  users  of  A-L 
electrical  sheets  or  strip.  •  Let  us  sup¬ 
ply  your  needs.  Allegheny  Ludlum 
Steel  Corporation,  Oliver  Bldg., 
Pittsburgh  22,  Pa. 
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“TRANSFORMER  LAMINATIONS  ” 

84  pages  of  valuable  technical  data 
on  standard  and  custom-made  lam¬ 
inations  from  all  grades  of  Allegheny 
Ludlum  magnetic  core  materials. 
Prepared  from  carefully  checked  and 
cenified  laboratory  and  service  tests 
— includes  standard  dimensions, 
specifications,  weights,  etc.  Sent  free 
on  request  .  .  .  ask  for  your  copy. 


ADDRESS  DEPT.  E-7 
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How  to  improve  component  reliability  by  better  shake  tests 

Magnetic  tape  simplifies  complex-wave  testing  and  lessens  human  error 


Many  of  the  components  that  got  their  Once  on  magnetic  tape,  any  test  program  stays  intact, 

first  ride  on  this  tape-driven  shaker  It  is  repeatable  without  tedious  setup  and  time-varying  con- 
are  now  circling  the  sky  in  Elxplorer  I,  trol  of  separate  signal  sources.  With  a  properly  calibrated 

our  first  successful  earth  satellite.  It  is  tape,  there  is  little  chance  that  an  operator  will  accidentally 

highly  significant  that  the  California  create  destructive  forces  by  errors  in  frequency  or  gain  set- 
institute  of  Technology  Jet  Propulsion  tings.  Tape  eliminates  many  possible  sources  of  human  error. 
Laboratory  which  led  the  development  It  also  leaves  personnel  free  to  concentrate  on  other  require- 

work  on  this  satellite  also  pioneered  ments  of  shaker  operation  and  test  observ’ation. 
complex-wave  vibration  testing.  In 

this  technique,  magnetic  recording  TAPE  PASSES  ALONG  THE  "IDEAL"  TEST 
plays  many  vital  roles.  So  that  co-contractors  and  subcontractors  will  run  desired 

shake  tests  correctly  on  the  components  they  furnish,  Cal- 
THE  WAY  TO  OUTGUESS  THE  UNKNOWNS  tech’s  JPL  fretjuently  sends  them  program  tapes.  These  con- 

Is  simple  sine-wave  vibration  testing  sufficient?  Or  is  a  tain  calibration  data  in  addition  to  the  program  itself.  Thus 

closer  simulation  of  the  missile  s  actual  vibration  environ-  a  similar  shake-table  setup  on  the  other  side  of  the  country 

ment  a  necessity?  Results  are  not  the  same.  Sinusoidal  sim-  can  exactly  duplicate  the  tests  run  in  JPL’s  own  laboratory, 

plification  often  demands  knowledge  more  complex  than  the  Xhe  tape  lessens  chance  of  misinterpretations  and  additive 

complexities  of  a  realistic  test  itself.  Rocket  components  can  safetv  factors. 

bear  neither  the  weight  of  excess  safety  factors  nor  the  risks  As  (quantity  production  of  missile  components  gets  under 

of  conjecture  —  reasons  why  JPL  chose  random  noise  and  way,  magnetic  tape  offers  a  means  to  nin  optimum  shake 
complex  waves.  tests  on  large  numbers  of  components  at  widely  separated 

Telemetered  vibration  tapes  from  actual  missile  flights  manufacturers.  From  copv  tapes,  test  programs  of  complex 

are  often  used  on  shakers  to  assist  development  of  test  pro-  waves  can  be  run  almost  as  easily  as  a  simple  sinusoidal 

cedures.  But  this  is  not  a  complete  answer.  Different  flights  scan.  Individual  users  need  not  have  equipment  to  generate 

yield  different  vibration  environments.  A  more  ideal  test-  their  own  shaker-control  programs.  Prime  contractor  or  re¬ 
programming  tape  is  a  synthesized  composite  or  envelope  of  search  co-contractor  can  furnish  the  tapes.  And  since  any 

the  more  severe  conditions  from  many  flights.  This  tape  number  of  duplicates  can  be  made,  a  well-conceived  test 

often  combines  random  noise  of  engine  vibration  and  com-  program  can  have  unlimited  circulation, 

plex  waves  from  aerodynamic  properties  and  structural 

resonances.  And  just  as  the  missile’s  mass,  velocity  and  sur-  May  tve  send  you  our  16-page  brochure  on  magnetic-tape 

rounding  atmosphere  will  change  rapidly  with  time  —  so  the  instn/mentation  plus  further  information  on  the  use  of  tape 
taped  program  must  change  too.  for  vibration  testing?  Write  Dept.  E-11. 

AMPIX  IN8TRUMKNTATION  DIVISION  •  360  CHARTER  STREET  •  REDWOOD  CITY,  CALIFORNIA 

Phon*  your  Afnpt<  Oita  sptclalllt  (or  portonti  ttttntlon  to  your  rteordlng  naidt.  Offlcta  strut  U.  S.  A.  and  Canada  En|inttrint  rtprasantatlvaa  covtr  tht  Ittt  world. 
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FOR  WIDER  USEFULNESS  .  .  .  IMPROVED  PERFORMANCE 
...GREATER  RELIABILITY  IN  OSCILLOGRAPHIC  RECORDING 


AND  8-CHANNEL 


Recorder  back  plate  holds 


Any  of  nine  chart  speeds 


eight  plug  in  Power  Ampli' 


can  be  instantly  selected 


tier  modules  (one  shown 


by  pushbutton.  Remote 


unplugged),  (our  on  either 


control  of  all  functions 


side  of  Power  Supply  sec¬ 


tion.  Entire  back  plate  re¬ 


provided  by  connectors 


movable  for  servicing. 


|W« 


^  Quick,  simple  paper  loading 
is  done  from  front;  hinged 
4  Viewing  window  is  removable. 
About  8"  of  record  visible.  All 
controls  on  front  panel. 


Any  "350”  Preamplifier  in¬ 
stalls  easily  in  any  channel. 
Electrical  connections  made 
by  mating  connectors  on 
Preamp  and  Power  Supply. 


DIRECT  WRITING  SYSTEMS 


Here  are  the  completely  new,  instantaneous  direct  writing  6-  and 
8-channel  Sanborn  “360”  oscillographic  recording  systems  designed  to 
give  you  the  most  useful  possible  combination  of  performance  accuracy  — 
flexibility —  7'eliability— and  operating  convenience. 

Consider  first  some  characteristic  performance  figures  and  features:  essen¬ 
tially  flat  response  to  100  cps  at  10-div. peak-to-peak  amplitude,  down  3db 
at  120  cps;  limiter  circuit  ahead  of  Amplifier  assures  damping  at  all  times; 
current  feedback  Power  Amplifier  design  to  prevent  thermal  drift;  true 
damping  by  velocity  feedback;  galvanometer  natural  frequency  66  cps; 
hysteresis  level  less  than  0.2  div. ;  linearity  0.20  div.  over  entire  60  divisions; 
permanent,  inkless,  direct  writing  in  true  rectangular  coordinates  on  plastic 
coated  Permapaper. 

Now  notice  the  packaging:  an  entire  6-  or  8-channel  “360”  system  — Pre¬ 
amplifiers  and  their  own  Power  Supplies,  Recorder  assembly  with  built-in 
Power  Amplifiers  and  Power  Supplies,  and  other  components  — is  housed  in 
one  mobile  cabinet.  Preamplifier  modules  are  separated  from  Recorder- 
Power  Amplifier  unit,  so  that  either  can  be  used  separately.  Self-contained 
Recorder  package  uses  transistorized,  plug-in  Power  Amplifiers,  Power 
Supplies  with  solid  state  rectifiers,  low  imjwdance,  low  voltage  enclosed  gal va- 
nometers;  when  used  as  a  separate  unit,  sensitivity  is  0.1  volt  chart  division. 

Add  to  these  “.360”  performance  and  packaging  features  the  value  and  con¬ 
venience  of  extremely  easy  chart  loading  from  the  front;  nine  electrically 
controlled  chart  speeds,  selected  by  pushbuttons,  with  contacts  for  remote 
control;  built-in  pajHjr  take-up,  paper  footage  indicator  and  timer-marker 
stylus;  four  presently  available  interchangeable  Preamplifiers  (Carrier,  DC 
Coupling,  Servo  Monitor-demodulator,  True  Differential  DC),  with  several 
more  to  follow. 

These  are  highlights  of  the  new  “.360’s” -duplicated  by  no  other  equipment 
in  existence  today.  Ask  your  local  Sanborn  Engineering  liepresentative  for 
more  information,  or  write  Sanborn  directly, 

(All  doto  subjtct  to  chongo  without  notico) 

INDUSTRIAL  DIVISION 

SANBORN  COMPANY 

173  Wyman  Street,  Waltham  34,  Mass. 


1 


OUT^T 


INPUT3 


COMPARATIVE  LIFE  TESTS 


CBS-Hytron  Indtum-Bonded  Diodes 


Our  Present  Diodes 


100  200  300  400  500  600  700  /  000  /OOO  1000 

Life  in  Hours 


—  — . .  — - - -  — - . . lusatts.  A  Division  of  Coiumbia  Broadcasting  System,  inc. 

Sales  Offices:  Newark,  N.J.;  Melrose  Park,  III.;  Los  Angeles,  Calif. 


Diode  survival  during  vibration  portion  of  life  tests 
of  XA-25*725'A  computer  Test  conditions:  free  vibration  at 
3600  impulses  p.m.  at  amplitude  of  0-080  inch. 


COMPUTER  DIODE  REPORT  ET-757 


TEST  CIRCUIT  17 


-n 

INPUT  I 
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EASTERN  INDUSTRIES.  INC. 

100  Skiff  Street 
Hamden  1 4,  Conn. 


*Coaloi>of  45:  Monionto  tndtmark  (formerly  OS-45) 


Eastern  subsystems  and  systems  for  missiles  and  aircraft 

AVIONIC  COOLING  •  REFRIGERATION  •  HYDRAULIC  POWER  PACKS  •  PRESSURIZATION-DEHYDRATION 

For  bulletin  0-123  on  Coolanol  45,  write  For  aviation  bulletin  350,  write 


MONSANTO  CHEMICAL  COMPANY 

Aviation  Fluids  Dept.  AV>1 
Lindbergh  and  Olive  Street  Road, 

St.  Louis  24,  AAo. 


EASTERN  AVIONIC  COOLING  SYSTEM  IS  UGHTER  .  .  . 
SMAUER  .  .  .  MORE  RELIABLE 

Electronic  equipment  is  vulnerable  to  the  fantastic  heat 
encountered  by  missiles.  Eastern  liquid  cooling  and  re¬ 
frigeration  systems  maintain  safe  avionic  operating  tem¬ 
perature  limits  even  in  the  800*  F.  environment  present  at 
five  times  the  speed  of  sound. 

MINIATURIZING  ALL  COMPONENTS 

In  addition  to  efficient,  reliable  operation.  Eastern  cooling 
systems  are  miniaturized  to  meet  the  most  rugged  missile 
requirements  for  space  and  weight.  By  using  Monsanto 
Coolanol  45*  fluid,  a  24,000 RI’M  hydraulic  pump  no  bigger 
than  a  fist  can  be  used.  Coolanol  45  keeps  the  high-speed 


LIQUID  COOLING  SYSTEM 

(cTtodal  shown  wsighs  10  lbs.  — 
msssurss  10-1/2"  x  6"  x  7-3  ■4’') 


pump  lubricated,  as  well  as  providing  a  coolant  with  outr 
standing  qualities.  The  high  boiling  point  of  Coolanol  45 
permits  a  smaller  system  since  temperature  maintained  can 
be  higher.  Coolanol  45  is  an  excellent  heat-transfer  medium 
with  good  dielectric  properties.  Adequate  viscosity  assures 
long  life  of  precision  hydraulic  pumps.  Systems  are  easily 
sealed  to  prevent  contaminating  air  leakage,  and  the  low 
foam  tendency  of  Coolanol  45  minimizes  circulation  troubles. 

DESIGNS  TO  MATCH  MISSILE  PERFORMANCE 

Using  a  basic  liquid  cooling  system,  or  by  adding  refrigern* 
tion  cycle,  cold  plates,  or  evaporative  cooling  as  needed. 
Eastern  can  protect  electronic  equipment  under  the  severest 
temperature  conditions.  Come  to  the  leader  in  the  field  for 
complete  and  creative  help. 


advanced 
system  of 

ELECTRONICS 

extends  missile  performance 


Monsanto 


Over  HALF  a  Missile’s  Cost  is 


Photo  usod  with  pormiiiion  of  Fodorot  Ttlocommunitotleit 


. . .  and  electronics  sells  this  $1-$2  billion  MISSILES  market 


Guided  missiles  have  clearly  moved  forward  as  a 
mainstay  of  our  defense  with  increased  emphasis 
on  ICBM’s  which  require  long  range  radar,  high¬ 
speed  computers  and  infra-red  detection  systems 
..  .all  dependent  on  complex  electronics  circuits ! 

How  big  is  the  market? 

Total  military  expenditures  for  electronics,  cur¬ 
rently  $3.6  billion,  are  slated  to  hit  $4  billion  next 
year  . . .  with  the  largest  single  item  being  missiles. 
In  fact,  more  than  half  of  the  total  cost  of  a  missile 
today  is  for  electronics  equipment  (and  this  does 
not  include  the  monitoring  and  tracking  equipment 
on  the  ground)  with  the  balance  going  for  the 
airframe,  the  propulsion  unit,  plus  associated  items 
. . .  the  trend  is  toward  greater  use  of  electronics ! 

electronics  sells  the  missiles  segment  of  the  elec¬ 
tronics  industry  in  depth  . . .  with  o,ver  10,000  paid 
subscribers  in  prime  missile  contractors  plus  many 
more  thousands  among  missile  subcontractors  . . . 
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the  men  you  must  reach  and  impress.  (For  details 
.see  the  breakdown  shown  at  the  right.) 

electronics  editorial  content  gives  important  work¬ 
ing  information  to  missile  designers  . . .  more  than 
50  of  all  the  technical  material  published  in  1957 
was  applicable  to  ground  or  airborne  missile  guid¬ 
ance  systems.  And  talk  about  leadership,  electronics 
published  its  first  article  on  guidance  .sy.stems  in 
Augu.st  1930  . . .  about  28  years  ago! 

Leading  advertisers  have  already  recognized  this 
sales  opportunity  . . .  they’re  notv  using  electronics' 
unparalleled  coverage  of  the  Design/Production/ 
Management  team  to  sell  the  entire  $7  billion  elec¬ 
tronics  industry  and  its  growing  missile  segment. 
Start  now  to  establish  your  identity  in  this  industry 
through  the  powerful  pages  of  electronics  magazine. 

Send  for  new  12-page  Market  and  Media  Folder 
giving  complete  details  about  electronics  ’58. 
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Photo  tokon  in  Roynoldi  Motols  Company's  missilt  ballistic  shall  plant,  Shtfflald,  Alabama 


How  electronics  penetrates  30  giant  "Missile  Makers' 


Company 

•l•ctronics 

subscriptions 

Company 

electronics 

subscriptions 

Avco . 

. 133 

Lockheed  Aircraft  Corp. ... 

. 212 

Bell  Telephone  Labs . 

. 282 

Glenn  L.  Martin  Co . 

. 170 

Bendix  Aviation  Corp.  ... 

. 544 

MIT  . 

. 193 

Boeing  Airplane  Co . 

. 342 

Minneapolis-Honeywell . 

. 313 

Burroughs . 

. 219 

Motorola  . 

. 345 

Convair  . 

. 440 

North  American  Aviation . 

. 355 

Collins  Radio  Co . 

. 141 

Northrop  Aircraft . 

. 190 

Douglas  Aircraft  Co . 

. 159 

Philco  . 

. 356 

DuMont . 

. 113 

RCA . 

. 703 

Federal  Tel.  &  Radio . 

. 183 

Raytheon  . 

. 352 

General  Electric . 

. 951 

Sperry  Rand . 

. 465 

General  Motors  Corp . 

. 208 

Sylvania-Corning . 

. 339 

Gihllan  Bros . 

. 282 

U.  S.  Rubber  Co . 

. 366 

Hughes  Aircraft  . 

. 529 

Western  Electric  Co . 

. 295 

IBM  . 

. 403 

Westinghouse  . 

. 367 

Remember:  During  1958  electronics  circulation  will  reach  5 2, 000  paid  subscribers! 
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Take  a  vibrator  design  .  .  .  the  Mallory  Series  1700  .  .  .  that  gives  longer  service,  more 
constant  voltage,  faster  starts,  less  noise.  Make  it  even  better  by  using  new,  higher-con¬ 
ductivity  materials  and  refining  mechanical  design.  That’s  what  we’ve  done  in  the  improved 
Mallory  Series  1700  Vibrators  that  outperform  even  their  famous  predecessors. 

Series  1700  Vibrators  now  give  you  longer  contact  life,  increased  current  capacity,  higher 
output,  less  internal  heating.  They  incoriwrate  the  unique  leaf  contact  design  that  enabled 
the  original  Series  1700  to  set  the  standard  for  heavy-duty  o|)eration.  And  like  it,  they 
are  designed  from  the  ground  up  for  rugged  service  .  .  .  not  just  modifications  of  auto¬ 
motive  vibrators. 

More  than  ever,  they’re  your  best  choice  for  long  life  and  de|)endability  in  two-way  com¬ 
munications  systems  and  other  mobile  electronic  equipment.  They’re  available  in  both 
split  reed  and  duplex  separate  drive  models. 

New  design  ideas  and  materials  are  constantly  being  applied  to  the  complete  line  of  Mallory 
vibrators  to  meet  continuing  requirements  of  mobile  equipment: 

Series  1500— Medium  to  heavy  duty,  separate  drive  interrupter  type. 

Series  1600 — Light  to  medium  duty,  shunt  drive  interrupter  ty|)e. 

Series  1800— Nominal  duty,  shunt  drive  self-rectifying  tyjie. 

Series  1850— Nominal  duty,  separate  drive  self-re<*tifying  tyije. 

A  Mallory  power  supply  sj^cialist  will  be  glad  to  help  you  with  circuit  design  and  selection  of 
all  components.  Call  or  write  our  Vibrator  Division,  Du  Quoin,  Ill.,  today  for  a  consultation. 


Expect  more ...  get  more  from 


serving  Industry  with  Thti*  Products: 

Electromechanical  —  Resistors  •  Switches  •  Tuning  Devices  •  Vibrators 
Electrochemical  —  Capacitors  •  Mercury  and  Zinc-Carbon  Batteries 
Metollurgicol  —  Contacts  •  Special  Metals  •  Welding  Materials 
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NOW!  Better-Than-Ever 
Performance  from 
Mallory  Heavy-Duty  Vibrators 
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EToluator  chasait  ha«  patchboard  for 
iloxlblUly  in  toit  point  connections  and 
Miection  oi  the  proper  teat  functions 


Packaged  as  a  module  for  plug-in  in¬ 
stallation,  this  switch  has  25-positions 
and  12  levels.  Seven  switches  are  used 


FIG.  1 — Essential  components  oi  the 
automatic  evaluation  system  that  gives 
go.  no-go  indication  oi  missile  operation 


Go,  No-Go  Gage  Checks  Out 
Bomarc  Automatically 


How  tt)  test  atlvuiieed  weapons  systems  (|iiit'kly  and  elficiently  is  shown  by 
aiitoniatie  evaliiatt>r  for  now-operational  Air  Foree  missile.  Circuits  program 
110  steps,  3S0  measiirements,  in  20  minutes.  The  evaluator  even  checks  itself. 
(»o,  no-go  det'ision  is  inatle  for  each  step 


By  tiKOKGE  A.  IIARTEK*  anti  FKEDERICK  .\.  BUCK 

Karnnwiirth  Klcetroiiics  A  Div.  of  Ititernational  Telephone  ami  TrlrKraph  Corp.,  Fort  Wayne,  Ind. 


Advanced  weapons  systems  re- 
,  quire  operatittnal  te.st  equip¬ 
ment  to  provide  quick,  etticient 
checkout.  Unit|ue  characteriatiCvS 
of  the  equipment  to  be  described 
include  flexibility,  automatic  op¬ 
eration,  and  Cd),  NO-CO  evaluation. 

K.s.sential  components  of  the  au¬ 
tomatic  evaluation  system  are 
shown  in  Fijr.  1.  The  programmer 
controls  the  sequential  operation 
of  the  system.  At  the  beirinninjr 
of  each  test  step,  a  signal  gen¬ 
erator  provides  the  neces.sary 
steady-state  stimuli  to  the  unit  un¬ 
der  test  and  the  timer  is  commanded 


to  count  off  a  prede.scribed  de¬ 
lay  or  preevaluation  time.  Delay 
length  depends  on  the  time  re¬ 
quired  for  the  response  to  reach 
a  stejidy-state  condition.  At  the 
end  of  the  delay  period,  the  timer 
generates  an  output  that  enables 
the  evaluator  to  make  a  c,o,  NO-GO 
decision  alwut  the  respon.se. 

If  the  result  of  the  te.st  is  a  GO, 
an  enable  potential  from  the  timer 
pas.ses  through  the  GO  channel  in 
the  evaluator  and  back  to  the  pro¬ 
grammer.  The  programmer  is 
then  advanced  automatically  to  the 
next  test  step.  A  NO-GO  result 


stops  the  test  operation  auto¬ 
matically  and  routes  the  enable 
potential  to  a  NO-GO  channel  used 
for  actuating  any  desired  type  of 
readout  indicator.  The  indicator 
pinpoints  the  faulty  circuit  or 
assembly. 

Programmer 

Major  components  in  the  pro¬ 
grammer  are  a  patchboard  and 
seven,  25-position,  12-level  stepping 
switches  (maximum  capacity  of  175 
test  steps  and  12  commands  per 

•Now  with  Rani(*-Wi)oldrtdKe  Company, 

I.OS  AllROlt'!',  C.tllf. 
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step).  The  wiper  arm  on  each 
switch  level  is  tied  to  a  28-v  d-c 
supply.  Each  switch  contact  is  wired 
to  a  pin  on  the  patchboard  so  that 
it  may  provide  any  desired  output 
command  on  any  particular  step. 
For  example,  the  stepper  output  of 
level  1,  position  1,  is  patched  to  the 
timer  command  which  provides  a 
delay  time,  t,  of  1  sec.  It  could  be 
patched  to  provide  any  other  delay 
time.  Other  levels  on  the  stepping 
switches  provide  signal-generator, 
evaluator  or  other  desired  com¬ 
mands  for  a  given  test  step.  The 
patchboard  accommodates  readily 
any  changes  in  test  sequence,  delay 
time  and  other  test  parameters. 

Delay  Timer 

Basic  timing  reference  is  pro¬ 
vided  by  a  tuning-fork-controlled, 
400-cps  supply.  The  400-cps  fre¬ 
quency  is  counted  down  by  a  series 
of  five  decade  counters  to  provide 
a  maximum  delay  time  of  250  sec 
in  increments  of  2.5  millisec.  Each 
decade  counter  consists  of  a  twin- 
triode  driver  stage  and  a  glow- 
transfer  counter  tube  as  shown  in 
Fig.  2. 

Each  input  pulse  to  the  driver 
stage  causes  the  beam  in  the  glow- 
transfer  tube  to  transfer  from  one 
cathode  to  the  next.  This  provides 
one  output  pulse  from  cathode  num¬ 
ber  10  for  each  cycle  of  the  beam 


or  for  each  10  input  pulses  to  the 
driver.  The  input  stages  are  de¬ 
signed  to  allow  ca.scading  of  the 
counter  units  and  to  provide  a  10:1 
reduction  in  counting  rate  for  each 
counter  in  the  string.  The  counter 
may  be  re.set  and  held  at  the  initial 
position  by  grounding  the  first  nine 
cathodes  with  the  relay  contacts 
shown  in  the  circuit.  This  action 
returns  the  beam  to  cathode  num¬ 
ber  10  until  the  ground  is  removed. 

Coincidence  Output 

Outputs  from  the  digital  counter 
are  routed  through  appropriate 
command  relay  contacts  to  a  three- 
diode  coincidence  circuit  as  shown 
in  Fig.  3.  A  coincidence  output  is 
obtained  at  the  end  of  the  com¬ 
manded  delay  time  and  is  u.sed  to 
fire  the  thyratron.  A  relay  in  the 
plate  circuit  of  the  thyratron  pro¬ 
vides  a  28-v  d-c  TEST-ENABLE  output 
to  the  evaluator.  Although  not 
shown  in  Fig.  3,  another  .set  of  con¬ 
tacts  on  the  TEST-ENABLE  relay  is 
used  to  reset  the  digital  counter  in 
anticipation  of  the  next  te.st  step. 

Six  evaluators  in  the  teat  set  are 
available  for  u.se  during  a  single 
test  step.  Output  relay  contacts  of 
the  evaluators  to  be  used  are  placed 
in  a  series  by  a  command  from  the 
programmer.  If  an  evaluator  is  not 
to  be  used  during  a  te.st  step,  the 
output  relay  is  bypassed  and  the 


enable  voltage  is  routed  past  the 
evaluator.  This  makes  it  po.ssible  to 
evaluate  six  responses  during  a  sin¬ 
gle  test  step. 

Each  evaluator  consists  of  a  com¬ 
parator,  signal  converter  and  asso¬ 
ciated  switching  circuits. 

Comparators 

Two  identical  signal  channels  are 
used  in  each  comparator  as  shown 
in  Fig.  4.  Each  channel  consists  of 
an  a-c  amplifier,  phase  detector  and 
carrier-gate  circuit.  A  dpdt  chopper 
provides  each  chopper  amplifier 
with  square-wave  inputs.  Phase  of 
these  inputs  depends  upon  the  rela¬ 
tive  magnitude  of  the  input  signal 
with  respect  to  each  d-c  reference 
potential.  When  the  input  signal 
is  above  the  low  reference  and  be¬ 
low  the  high  reference,  the  chopper 
provides  signals  with  identical 
pha.se  relation.ship.  This  situation 
repre.sents  a  GO  condition. 

A  pha.se  detector  in  each  channel 
compares  the  amplified  chopper  sig¬ 
nal  with  the  400-cp.s  carrier  poten¬ 
tial  which  was  al.so  u.sed  to  drive 
the  chopper.  Carrier  pha.ses  to  the 
detector  are  such  as  to  cause  relays 
K,  and  K,  to  be  energized  only  if  the 


FIG.  3 — Thr«*-diod«  colncldanc*  circuit 
lira*  thyratron  to  provide  a  28-t  d-c  tait 
enable  output  to  the  evaluator 
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FIG.  4 — Each  oi  tlx  evaluatore  la  o  Iwo- 
channel  unit  as  ehown 
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input  siKnal  is  greater  in  amplitude 
than  the  d-c  reference  potential  in 
each  particular  channel.  A  GO  con¬ 
dition  is  represented  by  A,  being 
energized  and  A,  deenergized.  Any 
other  combination  provides  a  NO  GO 
by  the  particular  interconnection 
of  relay  contacts. 

Carrier  gates  are  u.sed  for  zero- 
to-peak  evaluation  of  low-frequency 
signals  (up  to  10  cps).  As  an  in¬ 
put  sinu.soidal  waveform  reaches  its 
I)eak  value,  it  will  normally  be  above 
the  low  reference  and  below  the 
high  reference.  As  a  result,  A,  will 
be  energized  and  A,  deenergized. 
The  carrier  gates  remove  the  400- 
cps  carrier  from  the  detector  .stage 
once  an  output  relay  has  been  ener¬ 
gized.  The  pha.se  detector  then  loses 
control  and  the  output  relay  re¬ 
mains  energized. 

An  additional  delay  timer  output 
called  a  memory  enable  prevents 
the  400-cps  carrier  from  being 
gated  off  before  the  input  sinu.soidal 
signal  has  reached  a  .steady-.state 
condition. 

Comparator  Channel 

The  circuit  for  a  single  channel 
of  the  comparator  is  shown  in 
Fig.  The  chopi)er  input  signal  is 
pa.ssed  through  three  amplifier 
stages  to  the  phase  detector  tube, 
r,.  Carrier  input  to  the  suppres.sor 
grid  is  a  400-cps  signal  clipped  by 


the  two  111)6002  diode.s.  When  the 
signals  on  the  control  and  sup¬ 
pressor  grids  are  of  the  same  phase, 
the  plate  current  will  ri.se  and  cau.se 
plate  relay  A,  to  be  energized.  When 
they  are  of  opposite  phase,  relay 
A,  will  be  deenergized. 

Switch  tube  V,,  gates  off  the 
clipi)ed  400-cp.s  carrier.  This  action 
is  accomplished  when  plate  current 
in  V’,,  is  cut  off  as  a  result  of  both 
A,  and  A,  being  energized.  The 
pha.se  detector  then  loses  control  of 
relay  A,  because  of  loss  of  the  sup- 
pre.ssor  signal.  Relay  A,  remains 
energized  until  the  end  of  the  test 


step  when  the  memory  enable  poten¬ 
tial  is  removed  from  relay  A,. 

Resolution  of  the  comparator  is 
less  than  one  mv.  Operational  ac¬ 
curacy  of  the  unit  is  limited  by  400- 
cp.s  noi.se  at  the  input  grids  of  the 
first  .stage  and  random  noi.se  on  the 
signal  and  reference  inputs.  If  the 
reference  and  signal  inputs  are  well 
filtered  and  good  shielding  practice 
is  u.sed  for  the  input  stage,  a  .sy.s- 
tem  measurement  accuracy  of  2  mv 
can  be  obtained. 

Signal  Converter 

Es.sential  components  of  the  sig¬ 
nal  converter  are  shown  in  Fig.  6. 
All  low-frecpiency  signals  from  d-c 
to  10  cps  are  routed  past  the 
demodulator  circuit  to  the  low-pass 
filter  by  the  contacts  of  relay  A,. 
The  filter  attenuates  the  higher  fre- 
«iuency  noise  which  may  be  super- 
impo.sed  on  the  input  signal. 

The  C-couple  removes  the  d-c 
component  from  the  low-frecjuency 
sinu.soidal  input  signals.  .Although 
the  comparator  provides  a  zero-to- 
peak  evaluation  of  these  signals,  it 
is  e«iuivalent  to  a  peak-to-peak 
measurement  only  if  the  input 
sinu.soidal  waveform  can  be  made 
symmetrical  about  zero  potential. 
This  is  accomplished  by  energizing 
relay  A.,  and  allowing  any  direct 
voltage  level  on  the  signal  to  V)e 
droppe<l  across  the  coupling  ca¬ 
pacitor.  This  unit  gives  pha.se- 
.sensitive  demodulation  because 
polarity  of  the  output  direct  volt¬ 
age  is  dependent  upon  phasing  of 
the  input  signal. 


C-COOPLE 
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Telemeter  Transmitter  for 

Engine  performance  data  of  Vanguar<I  rocket  are  relayed  to  earth  u^ing  this 
telemetering  transmitter.  Voltage  variations  representing  performance  arc 
picked  up  with  a  commutator  an<l  converted  to  pulse  width  modulated  signals 
hy  a  keyer.  Duration  of  pulse  width  shifts  frecpiency  of  crystal-controlled 
oscillator  producing  pwin/f-m  signal  which  is  frecpiency  multi|died.  ampli¬ 
fied  and  fed  to  telemetering  antenna.  Power  supply  is  transistorized 


By  N.  RASKHODOFF  ,  C.  S.  Naval  Kvsearch  Lal«)ratory.  Washliiftton.  D.  C. 


IN-FLIGHT  performance  data  from 
the  Vanguard  rocket  are  made 
available  to  ground  control  stations 
using  the  telemetering  transmitter 
discussed  here. 

The  telemetering  transmitter  con¬ 
sists  of  a  commutator,  a  keyer,  a 


transmitter,  an  r-f  power  amplifier, 
a  transistorized  power  supply  and 
a  small  coaxial  blower.  All  com¬ 
ponents  are  packaged  in  a  cylin¬ 
drical  pressurized  container. 

Entire  unit,  including  support 
structure  and  container,  weighs  14 


pounds  and  is  88  in.  high  by  9  A  in. 
in  diameter.  Before  installation, 
the  a.ssembly  must  withstand  a  10-g 
vibration  for  two  minutes  in  each 
of  three  planes  and  a  random  vibra¬ 
tion  through  a  bandwidth  of  2,000 
cycles. 


through  molor-driTen  gear  reduction  aetembly.  Tranamitter  operates  in  the  215  th  235-mc  telemetering  band  and  delirert  4  watts 
oi  r-i  power  into  a  52-ohffl  resistiye  load.  Limiter  in  commutator  signal  line  prerents  orerlooding  oi  keyer 
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TeUmetarinq  transmittar  underqolnq  Tibratlon  t••tlnq  on  shakor  tobU.  Aitor  iMtlnq. 
unit  la  Inatallad  In  aacond  ataqa  oi  Vanquard  rockat  and  uaad  to  aupply  pariormanca 
data  to  anqinaara  durinq  atatic  and  prailiqht  chacka,  aa  wall  aa  altar  lounchinq 


A  schematic  diairram  of  the  data  motor-driven  wiper  arms.  As  the 

and  Voltaire  regulator  circuits  is  arms  move  across  the  first  43  con- 

shown  in  Fiir.  1.  KtK'ket  siirnal  tacts,  information  from  41  data  and 

.sources  brought  out  to  contacts  on  2  calibration  channels  on  siirnal 

the  commutat(»r  are  .scanned  by  switch  S,  and  trijrKcr  pulses  gen¬ 

erated  by  succe.ssive  makinir  and 
breakinir  of  Kroimded  contacts  on 
time  switch  S,  are  sent  to  the  keyer. 

Since  siirnal  and  time  data  are 
pickwl  up  on  separate  switches,  each 
channel  can  l>e  monitored  at  the 
exact  moment  of  no  brush  bounce. 
This  technique  eliminates  noisy 
make  intervals. 


CK776 


Commutator  and  powor  supply  aro 
mounted  within  U-thaped  support  struc¬ 
ture.  Extemol  connectors  are  located 
on  bottom  plate  oi  unit 


This  switch  modulates  the  crystal 
controlled  o.scillator,  causing  a  .shift 
in  the  quiescent  frequency  between 
30  kc  upper  and  lower  limits  for  the 
duration  of  each  pulse.  The  fre¬ 
quency  shift  is  proportional  in  time 
to  the  voltage  applied  to  each  data 
channel.  Output  frequency  of  the 
crystal-controlled  oscillator  is  then 
doubled  and  tripled. 

An  r-f  power  amplifier  amplifies 
the  signal  and  f-m  carrier.  A  pickup 
loop  for  monitoring  purposes  is  in¬ 
cluded.  The  amplifier  is  capable  of 
delivering  an  average  power  output 
of  fifteen  watts.  Plate  and  heater 
voltages  are  provided  by  the  power 
supply  shown  in  Fig.  2. 

The  author  expres.ses  his  appre¬ 
ciation  to  M.  Kaufman  and  V. 
Goblirsch  for  their  assistance  and 
Applied  Science  Corporation  of 
Princeton,  Pa.,  for  permission  to 
publish  some  of  the  circuit  data. 


Keyer  Sigrtals 

When  the  wiper  passes  over  con¬ 
tacts  44  and  45,  .switch  S,  is 
grounded  and  switch  S,  is  open  cir¬ 
cuited.  During  this  period,  time 
signals  from  the  rwket-time  row 
are  fed  to  the  keyer.  These  signals 
synchronize  the  transmitter  with 
the  ground  station  equipment. 

The  keyer  triggering  circuit  con¬ 
verts  the  time  signals  into  a  .series 
of  delayed,  sharp  pulses  which  trig¬ 
ger  the  monostable  multivibrator 
for  each  succeeding  data  channel. 
Uesult  is  an  output  signal  made  up 
of  a  .series  of  .synchronized  .square 
wave  pulses  proportional  in  width 
to  the  voltage  from  43  data  channels. 

Pulse  -  width  -  modulated  signals 
from  the  keyer  are  applied  to  a  re¬ 
actance  switch  in  the  transmitter. 


other 

CIRCUITS 


ROCKET  I 
ON  — r 


LATCH 

RELAY 


FIG.  2--Pow«r  aupply  circuit.  Input 
chok*  pravantt  powar  aupply  tranaianta 
trom  antarlnq  28-ToIt  aourca  in  rockat. 
Maqnatlc  latch  ralay  alimlnataa  naad 
ior  holdinq  currant  and  proTidaa  poai- 
tiaa  oif-on  action 


ELECTRONICS  engineering  edition  —  July  4,  1958 


1  - 

r  -  J- 


■II". 


V 


:V  .■.; 


SENSITIVITY 

profile 


f -  j  p  REGION  j  n  REGION 

JUNCTION 

light-induced  elections 


'!'■■■  ■■ 


ACCEPTORS  '' - ~  ~  ~  ~ _ 

eeeee  seeee  donors 

+  +  ♦  ♦  +  N 


LIGHT-INDUCED  HOLES 

FIG.  1 — Operation  of  grown-junction  de¬ 
tector  ig  illustrated  by  sensitivity  profile 
and  bar  (A)  and  energy  band  (B) 
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FIG.  2 — In  InSb  diffusion  iunction,  a  p 
layer  forms  on  an  n  sample  by  heating. 
Ohmic  contacts  are  soldered 


PREAMP 

FIG.  3 — Strip  of  InSb  is  moved  into  air 
gap  of  permanent  magnet  in  forming  a 
pern  detector  unit 


Rej)ro<liu*ihle  infliuni-antimonifie  detector  cells  made  with  |diot(»voItaic, 
[fhotoconductive  or  photoelectroina'inetic  effects  are  sensitive  into  interinefli- 
ate  infrared  rejiion.  Photovoltaic  cells  cooled  to  77  K  recjiiire  p-n  junctions 
obtained  hy  doping  during  growth,  hv  diffusion  of  impurities  into  crystal  or 
hy  alloying.  Detectors  are  made  with  small  sensitive  areas  ami  are  well-suit(‘d 
for  fast,  high-resolution  infrared  detecting  systems 

New  Intermetallics  Offer 


'  * 


By  S.  J.  MCOLOSI,  L.  II.  DEVAI  X.  and  A.  J.  S  I  RM  SS. 

Associate  Director,  Associate  I’hyslclst,  Ass<K'late  Scientist 

ChlcaKo  Midway  I,.al>oratorles,  I'nlverslty  of  Chicago.  ChicaK".  Illinois 
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INFRARED  DETECTION,  following 
World  War  II,  promised  great 
potentialities  for  both  military  and 
industrial  application.  Stimulated 
by  Germany’.s  wartime  use  of  lead 
sulfide,  research  probed  beyond  the 
previously  all-important  elements, 
germanium  and  silicon,  for  new 
.semiconducting  materials  with  bet¬ 
ter  infrared  response.  By  1952, 
however,  practical  photoconductive 
cells  were  still  largely  limited  to 
tho.se  sensitive  only  in  the  near  in¬ 
frared  regions  where  radiation 
wavelength  extend  from  0.8  to  3 
microns. 

Two  cells  sensitive  to  radiation 
beyond  3.5  microns  existed — one 
employing  a  thin  film  of  lead  .sele- 
nide  and  the  other  a  thin  film  of 
lead  telluride — but  both  were  diffi¬ 
cult  to  manufacture  and  both  had 


shortcomings  in  their  performance. 
The  characteristics  of  infrared 
sources,  background  and  atmos¬ 
pheric  transmission  indicated  that 
detectors  sensitive  in  the  inter¬ 
mediate  3-7-micron  infrared  region 
are  much  more  valuable  than  those 
sensitive  only  in  the  near  infrared. 

A  single-crystal  detector  with  ex¬ 
tended  infrared  response  affords 
many  advantages,  but  such  a  devel¬ 
opment  required  either  a  new  prin¬ 
ciple  or  a  new  material.  Re.search 
in  infrared  detectors  then  led  to 
the  development  of  the  indium- 
antimonide  cell. 

General  Properties 

Indium  antimonide  belongs  to  the 
III-V  class  of  intermetallic  com¬ 
pounds,  whose  semiconducting 
properties  were  only  recently  dis¬ 


covered'.  It  has  a  zinc-blende  crys¬ 
tal  structure,  and  its  low  melting 
point  of  523  C  compared  to  other 
III-V  com{K»unds  makes  metal¬ 
lurgical  proce.ssing  much  easier 
than  with  sister  compounds.  The 
low  energy  gap  and  high  electron 
mobility  of  InSb  make  it  useful  for 
infrared  detectors  .sensitive  up  to 
the  long-wavelength  end  of  the  in¬ 
termediate  infrared  region.  A  com- 
pari.son  between  germanium  and 
InSb  at  low  temperature  and  room 
temperature  is  given  in  Table  I. 

Indium  Antimonide  Detectors 

Indium  antimonide  detectors  can 
be  made  with  photovoltaic,  photo- 
conductive  or  photoelectromagnetic 
effects.  Photoconductive  and  photo- 
electromagnetic  detectors  operate 
at  room  temperature;  however,  im- 
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Modal  oi  lha  cryalal  ilructura  oi  InSb  ihown  with  on  actual  crya- 
tal  oi  tha  malarial  (lowar  lait)  and  an  InSb  dalactor  (lowar  riqht) 


Tachnician  aaali  oil  an  InSb  datactor  from  tha  aacuum  pumping 
equipment  prior  to  teatinq  choractariatica 


Wide  Infrared  Response 


proved  sensitivities  are  realized 
by '  reducinjf  the  cell  temperature. 
Photovoltaic  InSb  detectors  are  op¬ 
erative  only  at  low  temperatures. 
I)etect<»rs  of  indium  antimonide 
have  extended  and  fast  respttnse. 
They  can  be  made  with  small  sensi¬ 
tive  areas  which  make  them 
uniquely  suited  for  fast,  hiprh-reso- 
lution  infrared  systems. 

In  InSb  the  p-n  junction  required 
by  the  photovoltaic  detector  is  ob¬ 
tained  by  dopinj?  during  single 
crystal  growth,  by  diffusing  of  im¬ 
purity  atoms  into  the  crystal  or  by 
alloying.  The  principle  of  operation 
of  the  grown-j unction  detector  is 
shown  in  Fig.  1.  A  single  crystal 
bar  of  InSb  with  a  p-n  junction 


near  its  center  is  used.  The  junc-  the  junction.  A  photovoltage  then 
tion  plane  is  perpendicular  to  the  exists  between  the  ends  of  the  bar. 
major  axis  of  the  bar.  Under  equi-  Only  carriers  produced  within  a 
librium  conditions,  the  junction  distance  comparable  to  a  diffusion 
produces  a  potential  gradient  in  its  length  flow  across  the  junction; 
neighborhood  so  that  no  net  charge  therefore  the  sensitive  area  of  the 
is  transferred  across  the  junction  p-n  junction  detector  is  concen- 
as  shown  in  the  energy  band  pic-  trated  in  a  narrow  region  near  the 
tured  in  Fig.  IB.  junction  plane.  The  form  of  the 

Light  of  proper  wavelength  inci-  sensitivity  profile  is  shown  in  Fig. 
dent  on  the  crystal  in  a  direction  lA. 

perpendicular  to  the  major  axis  of  When  the  junction  is  illuminated 
the  bar  generates  hole-electron  from  the  edge,  as  shown  in  Fig.  lA 
pairs.  If  the  excess  carriers  diffuse  the  sensitive  area  is  defined  by  the 
to  the  junction  region,  they  are  in-  diffusion  lengths  along  the  bar  axis 
fluenced  by  the  electrostatic  field  at  and  by  the  width  of  the  bar.  For 
the  junction.  The  field  sweeps  elec-  these  InSb  detectors,  sensitive 
trons  in  the  p-type  material  and  areas  as  small  as  2  x  10^  are  ob- 
holes  in  the  n-type  material  across  tained. 

Diffused  p-n  Junctions 

The  p-n  junctions  created  by  dif¬ 
fusion  techniques  in  indium  anti¬ 
monide  lead  to  another  type  of  de¬ 
tector  geometry  as  shown  in  Fig.  2. 
.^j,ooo  •'’92 A  thin  p-type  layer  is  formed  on 

l.tHH)  10.000  I  ^TOUU  u  4. 

lO  *  10-*  n-type  sample  of  InSb  by  heat 


TABLE  I — Comparison  oi  Germanium  and  Indium  Antimonide 

( iermuniuiii  Indium  \ntimonide 

Temperature  in  K . 

Kner^  (iap  in  ev. . . . . . . 

Cutoff  Wavelength  in  mieroas ... 

Klectron  Mobility  in  cm’/volt-sec 
Mole  Mobility  in  em*/volt-s»H;.  .  . 

Carrier  Lifetime  in  sec . 
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treating.  Ohmic  contacts  are  made 
by  soldering.  Light  perpendicularly 
incident  on  the  junction  plane  pro¬ 
duces  a  photovoltage  in  the  same 
manner  as  for  the  grown  junction. 
The  size  of  the  sensitive  area  is  gov¬ 
erned  by  the  p  layer  left  on  the 
sample  during  processing.  It  is 
therefore  possible  to  control  the 
shape  of  the  area  and  to  make  these 
detectors  larger  in  area  than  the 
grown- junction  type. 

Detector  Characteristics 

Indium  antimonide  photovoltaic 
detectors  are  operated  at  liquid- 


nitrogen  temperature  of  77  K.  At 
higher  temperatures  the  sensitivity 
falls  off  rapidly. 

A  photoconductive  detector  is  a 
device  whose  operation  depends  on 
the  change  in  resistance  that  oc¬ 
curs  in  a  homogeneous  semicon¬ 
ductor  when  it  is  illuminated.  The 
cell  always  requires  a  bias  current 
to  generate  a  signal  voltage. 

The  principle  of  the  photoelectro- 
magnetic  (pern)  detector  is  illus¬ 
trated  in  Fig.  3.  A  thin  strip  of  in¬ 
dium  antimonide  is  placed  in  the 
air  gap  of  a  small  permanent  mag¬ 
net  as  shown  in  Fig.  3A.  Light  is 
incident  on  the  sample  in  a  direc¬ 
tion  perpendicular  to  both  the  mag¬ 
netic  field  and  the  major  axis  of  the 
InSb  strip. 

Light  incident  on  the  top  of  the 
strip  produces  hole-electron  pairs 
near  the  surface.  Then  the  hole- 
electron  pairs  produce  a  diffusion 


current  downward  into  the  mate¬ 
rial.  The  magnetic  field  deflects  the 
holes  and  electrons  in  opposite  di¬ 
rections,  and  thereby  causes  a  pho¬ 
tocurrent.  Open-circuit  voltage  of 
the  pern  cell  is  directly  proportional 
to  the  magnetic  field  intensity  for 
low  fields.  It  is  inversely  propor¬ 
tional  to  the  thickness  of  the  InSb 
strip,  where  the  thickness  is  large 
compared  to  both  the  diffusion 
length  and  the  optical  absorption 
length. 

The  noise  of  the  cell  results  from 
Johnson  noise  alone,  because  no 
bias  is  required.  Because  the  re¬ 


sistance  of  the  cell  is  approximately 
100  ohms,  it  is  necessary  to  use  a 
transformer  to  realize  the  full  sig- 
nal-to-noise  ratio  of  the  detector. 

Evaluation  of  Infrared  Detectors 

Among  the  most  important 
guides  for  judging  detector  per¬ 
formance  are: 

(a)  Response;  the  rms  voltage  out¬ 
put  of  the  detector  per  unit  radia¬ 
tion  flux  density; 

(b)  Noise  voltage;  the  rms  noise 
voltage  produced  by  the  detector 
for  a  unit  cycle  bandwith  at  an 
arbitrarily  chosen  frequency; 

fc)  Noise  equivalent  input  (nei) ; 
the  radiation  flux  density  which 
produces  an  rms  signal-to-noise 
ratio  of  1 ; 

(d)  Noise  equivalent  power  (nep) ; 
the  radiant  flux  which  produces  a 
signal  equal  to  the  noise  voltage; 

(e)  Spectral  response;  the  re¬ 


sponse  of  the  detector  as  a  function 
of  radiation  wavelength; 

(f)  Time  constant;  the  time  re¬ 
quired  for  the  detector  output  to 
reach  63  percent  of  its  peak. 

Grown-Junction  Detector 

The  p-n  junctions  cooled  to  77  K, 
are  highly  photosensitive*. 

Indium  antimonide  at  77  K  has 
an  energy  gap  of  about  0.22  ev. 
Therefore,  optically  excited  transi¬ 
tions  between  the  valence  and  con¬ 
duction  bands  occur  for  radiation 
out  to  5.5  microns  wavelength. 

The  response  of  the  grown-junc- 
tion  detector  peaks  at  5.4  to  5.5 
microns.  The  long-wavelength  cut¬ 
off  is  in  the  neighborhood  of  5.7 
microns. 

At  peak  frequency  response,  the 
noise-equivalent  input  varies  from 
1  X  10  *  to  8  X  10‘*  watt/cm*.  In 
most  detectors,  the  response  is 
sharply  attenuated  in  the  wave¬ 
length  region  from  2  to  5  microns. 
The  carriers  produced  by  shorter- 
wavelength  radiation  are  appar¬ 
ently  not  as  effective  as  those  pro¬ 
duced  by  radiation  at  5.5  microns. 
Because  the  optical-absorption  con¬ 
stant  is  inversely  related  to  wave¬ 
length,  carriers  are  produced  close 
to  the  surface  by  short-wavelength 
radiation.  If  surface  conditions  are 
conducive  to  fast  surface  recombi¬ 
nation,  this  qualitatively  explains 
the  peaked  response  of  the  detec¬ 
tors. 

The  noise  power  of  the  detectors 
is  an  inverse  function  of  frequency 
up  to  high  frequencies.  Most  de¬ 
tectors  have  exhibited  a  flat  re¬ 
sponse  out  to  the  highest  frequency 
at  which  they  were  tested. 

.The  average  time  constant  of  the 
cells  is  less  than  1  fisec  and  the 
largest  time  constant  that  has  been 
observed  is  2.4  fisec.  The  .sensitive 
area  of  the  detectors  is  of  the  order 
of  10  *  cm*. 

Design  of  the  cell  is  conditioned 
by  its  spectral  response  and  cooling 
requirements.  The  cell  is  in  the 
form  of  a  permanently  evacuated 
Dewar  flask  to  allow  cooling  the 
sensitive  element.  In  a  typical  de¬ 
sign  shown  in  Fig.  4,  two  concentric 
tubes  are  joined  at  one  end  by  a 
seal  ring.  The  outside  glass  tube 
is  capped  by  a  sapphire  window. 
For  the  inside  tube,  the  gla.ss  is 
sealed  to  a  short  tube  of  Kovar 


An  InSb  cell  has  an  all-qlass  enrelope  (top).  A  ruqgedized  Torsion  oi  the  cell  (bottom) 
uses  metal  cylinder 
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metal.  The  Kovar  tube  is  capped 
with  a  metal  block,  which  serves  as 
a  base  for  the  cantilever-mounted 
InSb  bar,  provides  KfM)d  thermal 
contact  between  the  crystal  and  the 
liquid  nitrogen  reservoir  and  pro¬ 
vides  one  electrical  contact  for  the 
crystal.  The  other  electrical  contact 
is  made  with  a  fine  wire  soldered  to 
the  end  of  the  bar. 

Diffusion-Junction  Detector 

Indium  antimonide  diffusion 
junctions  are  produced  by  baking 
w-type  in  InSb  in  vacuum  at  about 
450  C  for  15  minutes.  Although  the 
exact  mechani.sm  for  surface  con¬ 
version  from  n-type  to  p-type  has 
not  been  determined,  it  is  believed 
to  be  the  evaporation  of  an  n-type 
impurity  from  the  surface  of  the 
crystal. 

Ditfusion-junction  detectors  have 
properties  similar  to  the  grown- 
junction  type.  With  the  cell  at  77 
K,  the  .shape  of  the  spectral  respon.se 
curve  is  es.sentially  that  of  a  quan¬ 
tum  detector. 

The  peak  spectra  response  is 
at  5  microns  wavelength  compared 
to  a  5.5-micron  value  for  a  grown- 
junction  cell.  The  response  shift  is 
caused  by  the  recombination  of  the 
carriers  before  they  difTu.se  back  to 
the  junction  region  during  the  deep 
absorption  of  long-wavelength  radi¬ 
ation  in  the  crystal.  A  typical  value 
for  the  noi.se-equivalent  input  at 
the  peak  of  the  spectral  response  is 

3  X  10  *  watt /cm’  for  a  cell  area  of 

4  X  lO"*  cm’.  Both  the  response  and 
noi.se  voltage  are  lower  for  a  diffu¬ 
sion-junction  detector  than  for  a 
grown-junction  detector.  Either  a 
transformer  or  a  transistor  pream¬ 
plifier  is  neces.sary  with  the  cell  to 
realize  full-cell  signal-to-noise  ratio. 
An  important  advantage  of  the 
diffusion-junction  detector  is  that 
it  allows  much  flexibility  in  the  size 
and  shape  of  the  sensitive  area. 

The  cell  design  for  the  diffusion- 
junction  detector  is  essentially  the 
same  as  that  for  the  grown-junc¬ 
tion  detector  except  for  details  in 
mounting  the  sensitive  element. 

Pent  Detector 

At  room  temperature,  indium 
antimonide  exhibits  intrinsic  con¬ 
ductivity,  and  therefore  p-n  junc¬ 
tions  cannot  be  u.sed  in  photodetec¬ 
tion.  Furthermore,  photoconductive 


SAPPHIRE  ✓  metal  support  GLASS 


FIG.  4 — Cutaway  tIrw  oi  photOToltaic 
qrown-junctlon  d«t«clor  shows  Dowar 
and  crystal  construction 

effects  are  small  becau.se  of  the 
short  lifetimes  and  low  resistivity 
of  the  carriers. 

The  most  promising  room-tem¬ 
perature  operation  is  based  on  the 
photoelectromagnetic  effect.  Prac¬ 
tical  detectors  utilizing  the  pern 
effect  in  InSb  at  room  temperature 
have  been  produced’  *. 

The  spectral  response  of  the 
room-temperature  pern  cell  peaks  at 
about  6  microns  and  the  cutoff  is 
at  7  microns.  The  response  is  es¬ 
sentially  that  of  a  quantum  detec¬ 
tor,  and  the  measured  respon.ses 
agree  with  theoretical  calculations. 
The  pern  cell  has  both  a  low  re¬ 
sponse  and  low  noise  voltage,  and 
therefore  requires  a  transformer. 
A  typical  cell  of  area  2  x  10  ’  cm’ 
has  a  peak  noi.se-equivalent  input  of 
4  X  10 '  watt  cm’.  Only  John.son 
noi.se  exists  becau.se  no  bias  is  re¬ 
quired. 

Although  the  time  constant  of 
pern  cells  was  not  measured  di¬ 
rectly,  from  lifetime  measurements 
it  is  expected  to  be  less  than  one 
jisec.  The  pern  detector  is  not  as 
.sensitive  as  the  junction  detector; 
however,  the  convenience  of  room- 
temperature  operation  recommends 
it  for  applications  which  require 
.sensitivity  to  relatively  long  wave¬ 
lengths  but  do  not  demand  ex¬ 
tremely  high  sensitivity. 

In  a  typical  laboratory  design,  a 
p-type  InSb  in  the  form  of  a  single- 
crystal  slab  is  u.sed  in  the  prepara¬ 
tion  of  strips  for  the  pern  cell.  The 
slab  is  cemented  to  a  gla.ss  plate  and 
ground  down  to  a  thickness  of 
about  1  mil.  Sections  are  made  by 
slicing  through  the  .semiconductor 
and  the  glass  backing  and  leads  are 
•soldered  on  the  ends  of  the  InSb 
strip.  The  expo.sed  surface  is  then 
electropolished. 

A  small  permanent  magnet  and 


soft  iron  pole  pieces  comprise  the 
magnetic  circuit.  Acro.s.s  a  one-mm 
gap,  a  field  intensity  of  about  10,000 
gauss  appears.  The  InSb  strip  on 
its  gla.ss  backing  is  cemented  into 
position  in  the  air  gap  of  the  mag¬ 
net. 

Photoconductive  Detector 

A  small  number  of  sensitive  InSb 
detectors  have  been  made  and 
evaluated’  by  reducing  the  cell 
temperature.  With  highly  compen¬ 
sated  p-type  material  at  77  K,  sen¬ 
sitivities  comparable  to  the  cooled- 
junction  detector  w'ere  obtained. 
For  example,  a  typical  cell  of  area 
5  X  10  ’  cm’  has  a  noi.se  equivalent 
input  at  the  spetdral  peak  of  9  x 
10  “  watt/cm’. 

Other  independent  work"  al.so 
demonsrtates  the  feasibility  of  pro¬ 
ducing  sensitive  InSb  photoconduc¬ 
tive  detectors.  The  advantage  of 
the  photoconductive  detector  over 
other  types  of  InSb  detectors  is 
that  large-area  detectors  can  be 
made.  Moreover,  the  metallurgical 
techniques  are  not  so  involved  be- 
cau.se  junctions  do  not  have  to  be 
forme<I. 

The  re.search  and  experimental 
development  work  on  indium  anti¬ 
monide  detectors  has  yielded  fa.st, 
reproducible  cells  that  are  .sensitive 
well  into  the  intermediate  infrared 
region  and  that  can  be  manufac¬ 
tured  on  a  large  scale. 

The  types  of  cells  already  de¬ 
veloped  promi.se  to  be  useful  in  a 
wide  range  of  applications  of  infra¬ 
red  equipment.  The  small  .sensitive 
area  of  the  grown  detector  makes 
it  valuable  in  high-re.solution  .sys¬ 
tems.  p’or  applications  calling  for 
a  larger  area,  the  diffusion-junction 
type  may  be  u.sed;  in  addition  to  its 
use  as  a  large-area  single-element 
detector,  this  type  has  potentialities 
for  the  con.struction  of  multiele¬ 
ment  arrays. 
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Compressed  Time  Boosts 

Time  siharing  multiplex  system  needs  only  one  r-f  channel  with  single  trans¬ 
mitter  and  receiver  at  each  station.  Suhchannels  are  arranged  in  setpiential 
time  slots  to  form  frame.  Transmitters  anti  receivers  of  stations  assignetl  to 
a  given  suhchannel  are  on  during  assigned  time  slots.  Intelligence  is  trans¬ 
mitted  during  suhchannel  slot,  stored  at  the  receiver  during  channel  slot 
time  and  then  expanded  ami  read  out  thiring  off-air  time 


Time-compressed,  single-side¬ 
band,  systems  (Ticoss)  provide 
the  performance  required  by  mobile, 
multichannel  communications  sys¬ 
tems  in  the  short-to-medium-range. 
The  desired  performance  is  ob¬ 
tained  with  the  advantages  of  time 
sharing  multiplexing  and  ssb  emis¬ 
sion. 

Multichannel  duplex  operation  is 
handled  by  a  single  r-f  channel.  The 
system  handles  all  transmission  on 
one  transmitter,  one  receiver  and 
one  antenna  at  each  station.  The 
subchannels  to  be  multiplexed  are 
arranged  in  time  slots  in  sequence 
to  form  a  frame.  The  transmitters 


and  receivers  of  the  stations  as¬ 
signed  to  a  given  subchannel  are 
off  except  during  their  assigned 
operating  slots.  Transmitted  intelli¬ 
gence  is  .stored  during  the  entire 
frame  interval. 

Information  is  read  out  and 
transmitted  during  the  assigned 
subchannel  slot,  thereby  compress¬ 
ing  the  message  time.  At  the  re¬ 
ceiving  end  the  compressed  message 
is  stored  during  the  channel-slot 
time  and  then  expanded  and  read¬ 
out  in  its  original  form. 

Voice,  pulse  and  data  channels 
can  be  compressed  and  tran.smitted 
in  various  time  slots  of  a  given  time 


frame.  The  product  of  the  upper 
frequency  of  the  channel’s  modula¬ 
tion  signal  and  the  compression  rate 
determine  the  band  widths.  The 
compression  rate  is  the  ratio  of 


MESSAGE  MESSAGE 


FIG.  2 — Two<haaB*I  systGin  haa  two 
ualpUxon  and  *ynchronbor 
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TO  FROM  TRANSMIT  AND  A  SLOT  A  BLANKING 

TRANSMITTER  RECEIVER  REC  ENABLES  ENABLE  S  RESET 


FIG.  3 — Uniplexer  accept!  and  itorei  iniormation.  Than  readi  it  out  at  a  diiierent  rate 

Single-Sideband  Capacity 


total  frame  time  to  the  actual  mes¬ 
sage  time  in  a  jriven  channel  slot. 

One  frame,  shown  in  Fig.  1,  is 
divided  into  a  number  of  channels 
with  time  for  necessary  avc  and 
sync  bursts.  The  avc  burst  controls 
the  receiver  level  and  the  other 
burst  synchronizes  the  frame  start- 
inp  time  for  all  stations  in  the  net¬ 
work.  The  time-amplitude  axis  of 
the  chart  shows  the  frame  bepin- 
ning  with  sync  burst  followed  by 
transmission  time  for  each  channel. 

Messape  space  within  the  total 
frame  time  is  maximized  to  mini¬ 
mize  required  bandwidth.  Because 
avc,  sync-burst  and  puard-band 
time  is  fixed  by  system  needs,  a 
lonper  frame  provides  a  propor¬ 
tionally  larper  time  for  message 
apace.  But  the  portion  of  the 
messape  stored  during  one  frame  is 
not  transmitted  before  compression 
and  readout  during  the  following 
frame. 

A  storage  delay  (Kcurs  at  the 
receiver  because  the  compressed 
mes.sage  stored  during  one  frame  is 
read  out  at  the  expanded  rate  dur¬ 
ing  the  following  frame.  A  shorter 
frame  length  compromises  demands 


for  a  short  storage  delay  time  and 
a  maximum  frame  mes.sage  .space. 

Synchronization 

Becau.se  time  is  shared,  each  sta¬ 
tion  must  recognize  absolute  time 
to  insure  proper  relations  be¬ 
tween  channels.  Therefore,  a  syn¬ 
chronization  burst  is  provided  dur¬ 
ing  the  time  before  transmi.ssion  of 
slot.s.  While  sync  signals  may  be 
transmitted  by  all  stations  during 
transmission,  regular  transmission 
by  only  the  master  control  station  is 
the  better  solution.  Otherwise,  sync 
signals  would  reach  a  receiver  at 
different  instants. 

Signals  from  several  stations  em¬ 
ploying  different  channels  may  ar¬ 
rive  at  a  receiver  during  any  frame, 
and  the  signal  levels  may  vary 
greatly.  To  accommodate  the  dif¬ 
ferent  signal  levels  without  loss, 
an  avc  burst  precedes  the  message 
portion  of  each  channel  slot. 

Each  station  assigned  to  a  chan¬ 
nel  transmits  the  avc  signal  when 
it  transmits  on  the  channel.  Chan¬ 
nel  receivers  adjust  to  the  proper 
reception  level  on  the  avc  burst  and 
are  then  ready  to  receive  the  mes¬ 


sage.  In  present  communication 
receivers  avc  recovery  time  may  be 
as  long  as  2  millisec,  but  advances 
should  reduce  the  time. 

Transmission-time  delays  require 
a  guard  band  of  2  milli.sec  for  each 
186-mile  separation  of  .stations. 
Without  the  2-millisec  allowance, 
signals  overlap  when  widely  .sepa¬ 
rated  .stations  attempt  to  communi¬ 
cate. 

In  addition,  the  crystal-oscillator 
cl(x-ks,  which  are  the  system  timers, 
vary,  and  unless  continuous  correc¬ 
tion  is  made  to  some  master  refer¬ 
ence,  guard  bands  must  be  provided. 
With  clocks  who.se  stability  is  it 
1  part  in  10*  over  a  24-hour  period 
the  system  can  operate  with  each 
0.2-millisec  guard  band  for  160 
minutes  between  clock  corrections 
and  not  run  into  synchronization 
errors. 

The  counter  synchronizer,  shown 
in  Fig.  2  is  tuned  by  a  crystal-con¬ 
trolled  clock  and  permits  several 
modes  of  operation.  It  may  run  free 
for  short  periods  of  time  or  may 
initiate  the  master  sync  pulse.  Or  it 
may  be  synchronized  by  a  received 
.sync  pulse  from  a  master  station. 
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FIG.  4 — Storage-lube,  ii  directly  coupled  to  a  sweep  amplUier  and  operates  with 
constant  current  during  writing  phase  of  operation 


and  then  corrections  to  the  counter 
are  made  from  time  to  time. 

The  synchronizer  generates 
frame  voltages,  slot  voltages  and 
enable  voltages  for  controlling  each 
of  the  uniplexers.  In  addition,  it 
develops  a  slow  and  fast  sweep  clock 
voltage  and  an  r-f  read-out  voltage. 

The  Uniplexer 

The  uniplexer  shown  in  Fig.  3 
accepts  information  at  a  given  rate, 
stores  the  information  until  read¬ 
out  time  and  then  reads  the  in¬ 
formation  out  at  a  new  rate. 

Two  Radechon  charge-storage 
tubes  in  each  uniplexer  store  and 
write  information.  One  tube  writes 
while  the  other  tube  reads.  After 
readout  from  one  tube,  the  tubes 
exchange  roles.  Thus,  the  first  tube 
stores  odd  frames  and  the  second 
tube  stores  even  frames. 

The  uniplexer  may  either  com- 


FIG.  5 — WaTeionns  that  tim*  comprett- 
ing  Btorag*  tube  are  blanking  and  met 
(A),  irome  (B),  elot  (C),  read  enable  (D) 
and  write  enable  (E) 


press  or  expand  and  can  change 
modes  of  operation  in  a  fraction  of 
a  second.  A  push-to-talk  switch 
on  the  microphone  controls  the 
mode.  When  the  switch  is  pressed, 
the  uniplexer  compresses  the  mes¬ 
sage  for  transmission,  and  when 
the  switch  is  released,  the  uniplexer 
expands  the  message  for  reception. 

The  PUSH-TO-TALK  switch  also 
controls  the  activity  of  the  trans¬ 
mitter  and  receiver. 

Storage-Tube  Circuit 

The  storage-tube  circuitry  shown 
in  Fig.  4  is  backplate  modulated 
with  r-f  readout.  The  tube  is  di¬ 
rectly  coupled  to  a  sweep  amplifier 
and  operates  at  a  constant  beam 
current  of  3.5  fia  during  writing. 
It  is  r-f  pulsed  during  reading  and 
is  blanked  during  dead  time. 

During  write-in,  the  relay  A',  is 
deenergized  and  the  audio  signal  is 
applied  to  backplate  2  of  the  storage 
tube.  Also,  the  r-f  switch  tube  V, 
is  held  at  cutoff  by  the  read  enable 
gate  causing  the  tube  to  be  scanned 
by  a  con.stant  current.  Because  the 
beam  is  unmodulated,  the  band-pass 
amplifier  V,  does  not  respond  to 
the  signal  being  .stored. 

During  read  out  the  audio  signal 
is  disconnected  from  the  storage 
tube  backplate  by  relay  K,  which  is 
now  energized.  Tube  V',  turns  on 
and  is  r-f  coupled  to  the  storage- 
tube  grid  by  a  tuned  transformer. 


The  tuned  transformer  blocks  the 
approximately  +  1,200-v  d-c  grid 
voltage.  As  the  tube  scans,  the  r-f 
beam  current  is  modulated  by  the 
stored  signal. 

A  suppressed-carrier  a-m  signal 
flows  in  the  backplate  circuit  and  is 
amplified  in  tube  V,.  It  is  then  syn¬ 
chronously  detected.  The  absence 
of  a  carrier  pedestal  with  sup¬ 
pressed  carrier  simplifies  intercon¬ 
nection  of  the  pair  of  storage  tube 
circuits. 

A  number  of  minor  features  of 
the  storage  tube  circuitry  con¬ 
tribute  to  successful  operation.  A 
dynamic  focus  circuit  partially  cor¬ 
rects  for  the  effects  of  changing 
spot  position.  The  1.5-mc  traps  in 
the  audio  circuit  effectively  block 
troublesome  relay  switching  tran¬ 
sients.  Also,  blanking  of  the  un- 
deflected  spot  prevents  partial 
erasure  of  adjacent  areas  by  redis¬ 
tribution  currents. 

Waveforms 

Waveforms,  which  time  a  com¬ 
pressing  storage  tube,  are  shown 
in  Fig.  6.  The  blanking  and  reset 
waves  in  Fig.  5A  blank  the  unde¬ 
flected  or  stationary  spot  and  also 
reset  the  sweep-generator  counters. 


K>X  1,000  ALL  DIODES  IN67A 

FIG.  6  -Dynamic  locus  circuit  generates 
and  sums  three-line  approximotions  to 
parabolas.  Resulting  waves  are  simpli¬ 
fied  and  inverted  and  then  applied  to 
the  storage  tube 


Re.setting  of  the  counters  brings  the 
sweep  counters  initially  into  step. 
The  frame  and  slot  voltages  in 
Fig.  5B  and  5C  start  and  stop  the 
hybrid  sweep  generator.  The  r-f 
read  enable  pulse  in  Fig.  5D,  is 
generated  by  tube  V,  for  pulsing 
the  storage-tube  beam  current.  The 
write  enable  pulse  of  Fig.  6E,  con¬ 
trols  the  relay  A,.  Both  the  enable 
voltages  include  a  switching  inter- 
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FIG.  7 — Hybrid  sweep  circuit  hat  lonq  lall-pair  ampUller  ihot  conyerit  einqle-ended 
output  oi  6-blt  counter  into  push-pull 


val  and  thu.s  bejirin  before  the  op¬ 
eration  to  be  enabled. 

The  dynamic  focus  circuit,  shown 
in  Fijf.  6.  corrects  the  cau.ses  of 
variation  in  the  output  of  the 
storape  tube  with  spot  position. 
The  circuit  penerates  a  three-line 
approximation  to  a  parabola  for 
both  axes,  and  the  parabolas  are 
summed  in  etjual  proportions.  The 
resultinp  waveforms  are  inverted 
and  amplified  before  application  to 
the  storape-tube  focus  element. 

The  circuit  penerates  the  wave¬ 
form  directly  from  the  deflection 
voltapes  by  a  non-rate-sensitive 
method  as  retpiired  by  the  changinp 
sweep  speed.  A  nepative  OR  gate 
connected  to  the  push-pull  deflection 
amplifiers  allows  the  more  nepative 
sweep  voltape  to  establi.sh  the  out¬ 
put.  Therefore,  voltape  increa.ses 
during  the  first  half  sweep  and 
decrea.ses  during  the  second  half 
sweep.  A  threshold  adjustment  or 
shape  control  flattens  the  peak  of 
the  triangle,  thus  improving  the 
approximation  to  a  parabola.  Both 
horizontal  and  vertical  corrections 
are  obtained  in  an  identical  manner. 

The  hybrid  circuit  of  Fig.  7  gen¬ 
erates  the  64-line  rectangular  sweep 
shown  in  Fig.  8  by  a  semidigital 


method.  The  sweep  frame  interval 
of  O..^  .sec  and  slot  interval  of  0.25 
sec  correspond  to  a  compression 
ratio  of  2.  An  operational  two- 
channel  system  re<iuires  a  ratio  e.x- 
ceedinp  2  to  allow  time  for  syn¬ 
chronization  and  avc. 

The  vertical  component  of  the 
sweep  is  generated  by  digital  tech¬ 
niques  and  gives  excellent  repi.ster 
of  slow  and  fast  sweeps.  The  64- 
step  vertical  stairca.se  voltage  is 
developed  by  a  6-bit  counter  and 
resistor  matrix  as  shown  in  Fig.  7. 


FIG.  I — Th*  B4-I10*  rucianqulor  awMp 
output  ol  (woop  qonorator  circuit 
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The  single-ended  voltage  is  con¬ 
verted  to  push  pull  in  the  long-tail- 
pair  stage  and  V,,  that  also 
drives  the  storage-tube  deflection 
plates.  The  circuit  has  an  inherent 
unbalance  that  is  overcome  with  un¬ 
equal  plate-load  resistances. 

Counter  Circuit 

Operation  of  the  counter  is  con¬ 
trolled  by  a  pair  of  AND  gates  which 
connect  either  the  slow  or  fast  clock 
to  the  counter.  The  first  bit  of  the 
counter  is  a  special  dual-input  flip 
flop. 

Because  horizontal  sweep-regis¬ 
ter  requirements  are  not  severe, 
the  horizontal  sweep  voltape  is  gen¬ 
erated  by  an  integrator.  The  two 
waveforms  are  integrated  simul¬ 
taneously  to  achieve  the  desired 
result.  One  waveform,  the  ouput 
voltape  from  the  first  bit  of  the 
6-bit  counter,  consists  of  a  train  of 
pulses  which  provide  the  necessary 
horizontal  deflection  when  inte¬ 
grated.  A  second  waveform,  the 
blanking  and  reset-voltage,  com¬ 
pensates  the  d-c  component  in  the 
pul.se  train  from  the  counter.  The 
5,000-ohm  potentiometer  /?,  adjusts 
the  compensation  to  produce  a 
sijuare-sided  raster. 

To  make  the  sweep  amplitude  in¬ 
dependent  of  sweep  rate,  the  inte¬ 
grator  time  constant  changes  with 
the  sweep  speed.  An  auxiliary  in¬ 
tegrating  capacitor  is  switched  into 
the  circuit  during  the  slow  sweep 
and  is  adjusted  for  a  slow  sweep 
amplitude  equal  to  the  fast  sweep 
amplitude.  A  loss  of  charge  on  the 
capacitor  when  disconnected  from 
the  integrator  is  compensated  by  a 
bleeder  circuit  connected  to  a  vari¬ 
able  voltage  source.  The  horizontal 
adjustment  improves  coincidence  at 
the  beginning  of  the  sweep. 

The  output  of  the  integrator  con¬ 
tains  a  d-c  restorer  which  further 
improves  the  horizontal  coinci¬ 
dence.  Deflection  amplifier  T'm  and 
r,,  similar  to  the  vertical  amplifier 
follows. 

Systems  able  to  handle  10  chan¬ 
nels  are  entirely  feasible  with  only 
minor  modifications.  With  further 
development  30  to  50  channel  sys¬ 
tems  could  be  produced. 

The  uniplexer  can  be  applied  to 
any  system  in  which  an  analog  com¬ 
pressor-expander  with  up  to  a  50:1 
ratio  is  required. 
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Electrically  controlled  reciprocal  ferrite  plias^e  shifter  provides  «*ontiiiiious 
phase  variation  from  0  to  360  deg  with  up  to  15  kw  peak  power  at  X  hainl. 
Unit  comprises  two  transversely  magnetized  ferrite  slabs  in  the  narrow  walls 
of  a  rectangular  waveguide.  Nearly  identical  characteristics  of  phase  shift 
against  magnetic  biasing  are  possible  over  a  10-percent  frecpiencv  hand 


By  WILLIAM  IL  HEWITT,  JR.  and  WILHELM  H.  VO!S  Al  LOCK 

Bell  Telephone  Laboratories,  Inc.,  Whlppany,  New  Jersey 

X-Band  Phase  Shifter 


PHASE  SHIFTERS  for  microwave 
circuits  have  previously  em¬ 
ployed  mechanical  motion  of  some 
part  of  the  structure,  such  as  a 
shorting  plug,  dielectric  fin  or  ro¬ 
tating  half-wave  plate’’  ’■  *■  *.  Re¬ 
mote  control  operation  of  these 
shifters  is  subject  to  limitations  of 
motor-driven  or  hydraulic  servo 
units.  An  all-electric  phase  shifter 


has  been  developed  to  overcome 
these  objections.  It  is  readily  ad¬ 
justable  to  a  desired  pha.se  shift 
without  mechanical  motion  of  any 
part. 

Such  a  device  should  produce  an 
accurate  and  reproducible  pha'se 
shift  between  0  and  360  deg  over 
an  adequate  frequency  band.  It 
should  have  low  insertion  loss,  low 


FIG.  1 — Physical  arrangsmsat  oi  Urrits  slabs  shows  thsir  ksystons  cross-ssdioas 
oad  qrooTos  broachsd  la  waTsguido 


FIG.  2 — Phoss  shift  aad  loss  charactor- 
istics  oi  maqaosium-coppor-alumiauin- 
laaaqaaoso  ferritos.  Froqueacy  is  9.37S 
me,  pulse  loaqth  0.17  mssc  at  200  pps 
and  peak  power  is  15  kw 


vswr  and  a  phase  shift  independent 
of  direction  of  propagation.  Its 
peak  power  handling  capability 
should  be  high  and  it  should  shift 
rapidly  to  any  preset  value.  Power 
requirements  for  remote-control 
operation  should  be  low  and  opera¬ 
tion  should  be  independent  of 
environmental  conditions  such  as 
temperature,  shock  and  vibration. 
Finally  it  should  have  low  weight 
and  small  volume.  Most  of  these  re¬ 
quirements  have  been  met  in  a 
ferrite-loaded  waveguide  with  a 
variable  magnetic  biasing  field  as 
the  phase-shifting  element. 

System  Development 

Extensive  measurements  have 
shown  that  a  phase  shift  of  8f>  to 
90  deg  in.  can  be  obtained  at  an 
insertion  loss  of  about  0.15  db  in. 
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Oicilloqraphic  ch»ck  oi  phose  •hllter  p«r<ormanc«  b«lnq  mad*  In  laboratory 


Moving  Parts 


0.5  4.5  ~l  -  0.438  -  - 


FIG.  4 — Phytlcol  arranqoment  oi  iorrile  slabs  ior  minimization  oi  Tswr 


Without 


with  a  ferrite-loadwi  ret-taiiKular 
wavepruide.  Low  v.nwr  and  a  rea.son- 
ahle  amount  of  power  handling  ca¬ 
pability  can  be  attained  with  avail¬ 
able  ferrite  materials  ItK'ated  at  the 
narrow  wall.s  of  the  priiide.  Wall 
loadintr  of  the  wavejtuide  also  pro¬ 
vides  pr(K>d  heat  transfer  from  the 
ferrite  slabs  to  the  pruide  walls  and 
aeciirate  positioninjr  of  the  slabs  in 
the  pruide. 

The  mechanical  desi)fn  of  the 
phase  shifter  is  es.sentially  deter- 
minetl  by  the  need  for  a  l<»w  reluc¬ 
tance  magnetic  circuit  for  the 
transver.se  magnetization  of  the 
two  ferrite  slabs.  The  1m)X  type 
yoke  of  h'ijt.  1  combines  compact- 


FIG.  3— Phas*  shlil  and  insorlion  loss 
oi  wall-loadsd  warsquids  with  isrrits 
slabs  oi  Tortous  Isnqlhs  B 


ne.Hs  and  rijridity  with  desirable 
magnetic  properties. 

.Magnesium  -  copper  -  aluminum- 
manganese  ferrites  have  gwd 
phase-shifting  properties  and  low 
lo.ss.  With  applied  magnetic  lield 
and  temperature  held  constant, 
pha.se  shift  increases  with  the  satu¬ 
ration  magnetization  of  the  mate¬ 
rial  but  the  power-handling  capa¬ 
bility  decreases'.  As  shown  in  Fig. 
2,  a  saturation  magnetization  of 
1,200  oersteds  offers  the  best  com¬ 
promise. 

The  ne.\t  design  step  is  to  deter¬ 
mine  the  length  and  thickness  of 
the  ferrite  slab  which  permits  a 
pha.se  shift  of  3G0  deg  with  a  struc¬ 
ture  of  minimum  weight  and  at  an 
acceptable  insertion  loss.  Measure¬ 
ments  and  analysis  show  that  the 


Complete  packaqe  measure*  only  1  it 


ma.ximum  permissible  slab  thick¬ 
ness  for  operation  up  to  9,400  me 
is  0.088  in.  Thicker  slabs  would 
permit  the  occurrence  of  higher 
order  modes  in  the  waveguide,  as 
evidenced  by  htss  peaks  and  erratic 
pha.se-shift  behavior. 

Insertion  Loss 

A  practical  limitation  for  the 
highest  required  magnetic  field  //<., 
is  the  maximum  insertion  loss  of 
the  device,  which  has  a  broad  min¬ 
imum  for  a  range  of  slab  lengths 
but  increases  rapidly  for  short 
and  long  ferrite  slabs.  This 
can  be  .seen  readily  by  plotting 
phase  shift  tft  and  insertion  loss  L„ 
for  various  slab  lengths  against 
magnetic  field  as  in  Fig.  .3.  Both 
<l>  and  L,.  are  proportional  to  the 
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PHASE  SHIFT  IN  OEG 

FIG.  S — Effect  of  tapering  and  offaetting 
ferrite  slabs  in  reduction  of  vswr 
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MAGNET  CURRENT  IN  AMP 

FIG.  6 — Basic  characteristics  of  phase 
shifter  at  9.37S  me  and  8S  F 

slab  length.  Hence  the  curves  are 
parallel  to  each  other  and  displaced 
from  the  curve  for  B  =  1  in.  by  a 
separation  equal  to  the  slab  length 
in  inches. 

If  a  maximum  value  is  chosen 
for  the  required  slab  length 

for  a  pha.se  shift  of  360  deg  can  be 
determined,  and  the  insertion  loss 
and  Hd-r  for  this  length  can  be  read 
from  the  chart.  When  this  proced¬ 
ure  is  repeated  for  a  number  of 
values  of  a  curve  is  developed 
for  the  maximum  insertion  loss  of 
the  device  as  a  function  of  slab 
length  and  magnetic  field.  Curve  A 
of  Fig.  3  is  an  example.  With  a 
maximum  insertion  loss  of  0.65  db, 
the  highest  required  magnetic  field 
of  1,960  oersteds  and  the  slab 
length  of  4.5  in.  are  obtained. 

A  further  advantage  of  this  plot 
is  the  direct  reading  of  a  figure  of 
merit  F  =  0/L,..  This  figure  is  the 
distance  between  two  as.sociated 
graphs  of  6  and  Li„.  Quantity  F  is 
small  for  low  phase  shifts,  reaches 
a  maximum  and  then  decreases  be¬ 
cause  the  loss  increases  faster  than 
the  phase  .shift  as  ferromagnetic 
resonance  is  approached.  The  in¬ 
sertion  loss  of  the  phase  shifter 
may  be  reduced  to  the  minimum 
value  shown  in  Fig.  3  if  longer  fer¬ 
rite  slabs  are  used  and  if  the  maxi¬ 
mum  value  of  //d-,  is  reduced  ac¬ 
cordingly.  Thus  8-in.  slabs  and  a 
maximum  field  of  1,600  oersted  re¬ 
duces  the  insertion  loss  to  0.48. 

The  last  step  in  the  design  of 


the  phase  shifter  is  the  reduction  of 
reflections  from  the  ferrite  slabs  to 
the  lowest  attainable  value  over  a 
10-percent  frequency  band  and  at 
all  phase  angles  between  0  and  360 
deg.  This  is  complicated  by  the 
fact  that  the  impedance  of  the 
phase-shifter  undergoes  consider¬ 
able  change  during  a  phase-shift¬ 
ing  cycle. 

It  has  been  determined  experi¬ 
mentally  that  tapering  the  ferrite 
thickne.ss  and  oflf.setting  the  .slabs 
produce  the  lowest  vswr  over  the 
operating  range.  The  optimum 
physical  arrangement  for  the  slabs 
is  shown  in  Fig.  4  and  the  effect  of 
these  two  measures  is  shown  in 
Fig.  5  by  comparing  the  vswr  of 
two  untapered  ferrite  slabs  with 
those  of  two  tapered  slabs  with  and 
without  offset. 

Physical  Form 

The  final  arrangement  of  the  fer¬ 
rite  slabs  in  the  waveguide  is  as 
shown  in  Fig.  1.  Each  of  the  two 
coils  has  4,000  turns  of  No.  29  wire, 
which  at  a  maximum  current  of 
275  ma  will  provide  a  magnetic 
field  of  2,000  oer.steds  in  the  ferrite 
slabs.  A  second  winding  of  1,000 
turns  of  No.  31  wire  is  added  to 
each  coil  for  adjustment  of  the 
current  phase  shift  characteristic 
and  compensation  for  tempera- 
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FIG.  7 — Effect  of  frequency  on  T*wr 


FIG.  8 — Ineertion  lois  of  phaie  shifter 
at  magnetron  power  lerels 


ture  effects  and  minor  frequency 
changes. 

The  phase  shift,  insertion  lo.ss 
and  vswr  at  9,375  me  are  shown  in 
Fig.  6.  The  pha.se  shift  goes  through 
a  distinct  hysteresis  loop  because 
of  the  properties  of  the  core  mate¬ 
rial.  Maximum  insertion  lo.ss  is 
0.75  db  and  the  vswr  is  1.08  respec¬ 
tively.  The  current  in  the  compen¬ 
sating  coil  produces  a  field  of  20 
oersteds.  Both  the  pha.se  shift  and 
differential  pha.se  shift  increase 
slightly  with  decreasing  tempera¬ 
ture.  Pha.se  shift  at  a  given  value 
of  coil  current  also  increa.ses  as  the 
frequency  decreases  because  the 
waveguide  approaches  cutoff. 

Load  Characteristics 

.As  the  frequency  is  lowered  the 
insertion  loss  stays  below  1  db, 
and  as  F’ig.  7  shows,  the  vswr  re¬ 
mains  below  1.2  in  the  band  8,500 
to  9,400  me.  One  of  the  most  im¬ 
portant  tests  of  the  phase  shifter 
is  its  performance  under  pulse- 
power  load.  From  preliminary 
measurements,  it  was  expected  that 
the  threshold  for  high-power  in¬ 
stability  of  the  ferrite  would  be  in 
the  vicinity  of  15  kw  for  the  geom¬ 
etry  under  consideration  and  a  pulse 
length  of  0.17  //.sec.  Tests  prove  the 
validity  of  this  assumption.  An  ab- 
.sorption  line  is  evident  in  Fig.  8 
at  17  kw  and  the  insertion  loss 
reaches  1.9  db  as  the  peak  power  is 
increa.sed  to  25  kw. 

The  advantage  of  the  ferrite 
pha.se  shifter  is  its  ability  to  re¬ 
produce  any  preset  program  of 
pha.se  shifts,  with  .switching  times 
of  a  few  millisec  if  a  feedback- 
controlled  d-c  power  supply  is  used. 
Maximum  dissipation  in  the  magnet 
coils  occurs  at  a  pha.se  shift  of  360 
deg  and  totals  85  w.  Average  power 
dissipation  with  variable  pha.se 
shift  is  estimated  at  40  w. 
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Measurement 


In  any  electronic  measurement  system,  a  key  component  is  the 
device  that  changes  its  characteristics  prj)portionally  to  the  quantity 
being  measured.  This  device  is  the  transducer.  With  it,  precise 
measurement  of  nearly  any  parameter  is  possible 


“WHEN  YOU  can  measure  what  voii  are  speak¬ 
ing  about  and  express  it  in  numbers,  you  know 
something  about  it.” — Lord  Kelvin. 

TODAY,  MEASURKMKN  r  with  acciiracv  and  reli¬ 
ability  is  of  utmost  importance.  Inertial  and  in¬ 
frared-guidance  systems,  data-colleeting  earth 
satellites  and  high-speed  jet  aircraft  call  for  rugged, 
accurate  and  eoinpaet  instrumentation. 

Refinements  in  measuring  techniques  in  recent 


TABLE  I  — Typical  Measurements  &  Basic  Transducers 


TYPE  OF 

1  ' TRANSDUCER 

QUANTITY  TO 
if  BE  MEASURED 

t 

s  1 

«  .s  -tt  o  5 

•>  —  -is  S  ■  S 

Is  I  ^  2  1  1  1  e  1 

Acuteratwn 

X 

X 

X 

X 

X 

X 

X 

DisplMtMcnt 

X 

X 

X 

X 

X 

X 

X 

X 

Flew 

X 

X 

X 

X 

X 

X 

Farce 

X 

X 

X 

X 

MvMiiity  and 

Meistiire 

X 

X 

Level 

X 

X 

X 

X 

X 

Uflit 

X 

X 

X 

Mass 

X 

X 

X 

X 

Pressure 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Temperatere 

X 

X 

X 

X 

Tkickness 

X 

X 

X 

X 

X 

Velecity 

X 

X 

X 

X 

X 

X 

X 

X 

Viscasity 

X 

X 

X 

X 

years  ha\c  made  pissihle  eas\  and  accurate  incas- 
nrenient  of  extremeh  small  plnsiail  displace¬ 
ments.  Kleetronics  has  Ixrn  responsible  for  ad¬ 
vances  in  at  least  hso  was  s— amplification  of  weak 
detected  information  to  a  useful  level  and  appli¬ 
cation  of  special  circuits  for  wholK  new  measure¬ 
ment  concepts. 

Electronic  ineasureinent  and  control  de|xnds 
upon  some  deviev  that  nndergixs  a  change  pro¬ 
portional  to  the  quantih  Ixing  measured.  Such 
a  detector  is  called  an  in|)nt  signal  transducer. 
It  conserts  a  change  in  some  form  of  energv  such 
as  motion,  heat.  light  or  sound  into  a  ineasnrable 
eleetrical  parameter. 

APPLIC.V  riONS  —  Project  \'anguard's  I.vinan-alpha 
earth  satellite,  for  example,  has  17  transducers 
hxated  on  its  shell  and  in  its  internal  package. 
I  hey  are  used  for  detecting  temperature,  collision 
with  nherometeorites  and  solar  l.\  inan-alpha  radia¬ 
tion. 

.\  modern  high-speed  jet  aircraft  requires  an 
impressixe  amount  of  instrumentation  for  ineas- 
ureinent  of  nonelectrical  quantities.  Some  of 
these  are:  acceleration,  .air  speed,  altitude,  air 
temperature,  angle  of  attack,  heading,  drift,  flow, 
fuel  eonsninption,  ice  aeenmnlation,  inclination, 
Mach  number,  pressure,  rate  of  climb,  rate  of 
turn,  temperature,  time  and  thrust.  Eadi  meas¬ 
urement  depends  upon  a  transducer.  I'igures  1 
and  2  show  txpical  rocket  and  jet  aircraft  applica¬ 
tions. 
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FIG.  2 — l*ot**ntiomp|«*r-ty|>«'  Mach  (•<»nlroller  for  F-10() 
and  F-101  fijifiters  is  tested  with  mercury  manometers. 
Minneapolis-Honeywell  e«juipment  holds  ratio  of  dy¬ 
namic  and  static  pressures  constant 


F'Ki.  1  —  Ionization  tsage  for  Xerolu'e  rocket.  Gage  manufactured 
hy  .NUC  F<)uipment  ('orp.  is  hasically  a  pressure-sensing  device 
capable  of  giving  accurate  readings  fr«>m  atmosjdieric  |(ressure 
to  below  one  micron 


TYPKS  OF  I'RANSnUC^FRS  In  rccc-nt  years,  types 
atul  qiiattfifies  of  eoininereial  transdneers  have 
increased  rapidlv,  as  liave  the  instruments  in- 
cor|>orating  them.  With  this  growth  has  eomc 
an  increase  in  applications. 

Table  I  givc-s  an  idea  of  the  variety  of  trans¬ 
ducer  tvpes  applicable  to  tvpical  measurements. 

The  abilitv  to  control  the  anionnt  of  change  in 
the  qiiantitv  Ixing  measured  has  Iktii  rcspinsible 
for  development  of  present-dav  autom.ition  tech¬ 
niques.  Closed-liKip  servo  systems  detect  a  change 
and  act  u])on  it  to  bring  the  quantitv  back  to  its 
original  level  or  to  initiate  other  oixrations. 


PlEZOELECTRC 
TRANSDUCER  i 

AVP 

IN0ICAT(^, 

OR  ^ 
RECORDER 

(A) 

STRAIN 

GAGE 

BRIDGE 

'  AMP 

1 _ 

HG.  .3 — Comparison  of  components  re»|uired  for 
typical  voltage-generating  transducer  (.A)  and 
variable  parameter  transducer  (H) 
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Transducers  include  two  basic  type-s.  rite  first 
tvpc-  prodnex’s  an  output  voltage  or  current.  In 
this  c“ategorv.  transducers  requiring  no  power 
supply  (such  as  piezcK-dectric  crystals)  as  well  as 
those  requiring  a  power  source  to  make  the  trans¬ 
ducer  action  possible  (such  as  a  phototulx)  arc 
included,  h'igure  s.\  shows  a  simple  system  in- 
corivorating  a  generating-tv  jx  transducer  requir¬ 
ing  no  power  source,  such  as  might  lx  used  for 
measuring  pressure. 

riic  second  tv|x  of  transducer  gives  a  measur¬ 
able  change  in  resistance  (thermistor);  capacitance 
(microphone);  or  inductance.  |xrtneabilitv .  or 
reluctance  (linear  differential  transformer).  This 
second  group  also  includes  devices  requiring  no 
power  source  as  well  as  those  that  do.  Figure 
illustrates  a  system  comparable  to  that  in  I’ig.  s.\ 
for  measuring  pressure  with  a  transducer  requiring 
no  iMivver  source  for  basic  transducing  action. 
But,  in  this  case,  a  varving-resistance-tvjx  trans¬ 
ducer  is  used,  requiring  a  bridge  circuit  and  a 
power  source  to  convert  the  change  in  resistance 
to  an  electrical  signal. 

I'ransducers  inxrating  on  the  basis  of  a  particu¬ 
lar  phenomenon  such  as  photixlectricitv  mav 
apjxar  under  both  categories.  I’hotovoltaic  cells, 
phototulxs  and  phototransistors  (all  photixlectric 
dev  ices)  apjxar  under  the  first  grouping  of  voltage- 
or-current-producing  devices.  Fhotoconductive 
cells  (also  phot(xlectric)  are  discussed  with  re¬ 
sistance-varying  elements  since  they  do  not  gen¬ 
erate  a  voltage  or  current. 
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Voltage  and 
Current  Generating 
Transducers 

Transducers  which  generate  an  output  voltage  or  current  usually 
need  only  simple  measuring  circuitry.  This  output  may  be  of  suf¬ 
ficient  amplitude  to  operate  an  indicating  device  directly;  or  low- 
level  amplification  may  be  enough 


VOLTAGE  OR  CURRENT  transducers  can  be  sub¬ 
divided  into:  piezoelectric,  photoelectric,  tlienno- 
elcctric,  inagnetoelectric,  electrochemical,  elec¬ 
tronic  and  radioactive.  Table  11  gives  characteristics 
of  typical  units  for  coininonlv  measured  quantities. 

PIEZOELECl  RIC  I  RANSDUCERS  -  Piezoelectric 
transducers  depend  upon  the  fact  that  voltage 
is  generated  in  a  piezoelectric  crvstal  when  its 
dimensions  are  changed  bv  mechanical  force  or 
stress.  Piczwlcctric  crystals  are  available  both  in 
nature  (quartz  and  tourmaline)  and  as  svnthetics 
(Rochelle  salts,  barium  titanate  ammonium  di¬ 
hydrogen  phosphate  and  ethvlene  diamine  tar¬ 
trate). 

Natural  crystals  exhibit  low  leakage,  with¬ 
stand  temperatures  up  to  about  ^00  C  and  arc 
rugged,  riiev  give  an  output  of  about  0.0s  volt 
per  thousand  pounds  of  force  applied. 


Svnthetic  crystals,  in  general,  are  about  1,000 
times  mure  sensitive  than  natural  materials. 
Rochelle  salts  have  high  sensitivity  but  arc 
temperature-and-humiditv-restrictive.  Ammonium 
dihvdrogen  phosphate  withstands  temperatures  to 
about  100  C  and  is  less  sensitive  to  humiditv  than 
RiK'helle  salts.  Barium  titanate  is  often  used  with 
a  binder  to  form  a  ceramic.  Lead  titanate  mav  Ik- 
added  to  improve  temperature  stability.  Crystals 
are  useful  from  about—  sO  to  -I- 100  C. 

PiezrK'lcctric  transducers  are  used  for  detecting 
tensile  strength,  load,  pressure,  vibration,  surface 
roughness,  pulse  beats,  time  and  flow  rate. 

PHOTOELEC I  RIC  I’RANSnUCERS  -  I  tansduccrs 
depending  upon  changes  in  light  energy  for  their 
operation  seldom  load  or  interfere  with  the 
phenomenon  to  Ik  measured.  Sensitivity  and 
speed  of  response  are  high. 
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FIG.  4 — Sodium-iodide  crystal  and  multiplier  photo- 
tulie  are  integrally  combined  in  Levintlial  Electronic 
Products’  scintillation  transducer 


One  type  of  photoelectric  transducer  is  the 
photosoltaic  cell.  A  conunonlv  used  tvpe  is  the 
seleniuni  cell— a  steel  baseplate  with  a  coating  of 
seleniinn,  upon  which  a  coating  of  cadiniuin  is 
applied.  Platiiunn,  gold,  or  some  other  noble 
metal  is  then  often  added  in  a  thin  layer.  Between 
the  selenium  and  cadmium,  cadmium  selenide 
is  formed.  Photons  hitting  the  cell  cause  it  to 
generate  a  voltage.  No  power  supply  is  needed. 

Some  of  the  other  materials  used  arc  silicon, 
germanium.  crrpfKr  oxide  and  thalhis  sulfide. 
W’ith  all  types,  recalibration  is  necessary  on  a 
continuous  basis  to  maintain  accuraev. 

.\nother  type  of  photrK'lectric  transducer  is  the 
phototnlK'.  .Xinount  of  current  flowing  in  the 
tulx’  is  a  function  of  waselength  and  intensity 
of  light  hitting  the  cathode.  Gas  phototubes,  as 
opposed  to  high-\acunin  t\pes,  experience  ioniza¬ 
tion  from  the  photwlectrons.  'Hiis  so-called  gas 
amplification  adds  to  the  total  current  flow. 

Multiplier  phototulKs  have  outputs  large  enough 
to  opc-ratc  manv  indicating  devices  directly.  Fig¬ 
ure  4  illustrates  one  interesting  application. 

Another  t\  |X'  of  xoltage-prodncing  photcKlectric 
transducer  is  the  phototransistor,  'lliis  semicon¬ 
ductor  desice  operates  on  the  principle  that  light 
gi\cs  enough  energy  to  the  valence-band  elec¬ 
trons  to  raise  them  to  the  conduction  band.  This 
action  increases  the  supply  of  electrons  and  holes 
which  act  as  current  carriers  and  decrease  re¬ 
sistivity.  When  light  shines  on  a  phototransistor 
basing  a  constant  impressed  voltage,  a  marked 
increase  in  current  takes  plaec.  Kfficiencs-  de¬ 
creases  rapidly  in  the  infrared  region  Ixyond  two 
microns  and  Ixsond  blue  or  ultraviolet. 

Photoelectric  devices  mav  Ire  used  to  measure 
indirectly  absorption  of  a  gas.  reflectivity,  color, 
liquid  lesel,  solidification  and  turbidity. 

TUI, RMOF.LF.C  PRIG  1  R.VNSnUCF.RS  -  Tlicrmo- 
cotiples  opc’rate  on  the  principle  that  dissimilar 
metals  bas  ing  different  svork  functions  exhibit  an 
eleetromotisc  force  or  voltage  betsscen  them 
svhen  connected  together  at  tsvo  ends,  and  when 
each  end  is  at  a  different  temperature.  Output 
is  proportional  to  the  tem|X‘ratnre  differential, 
work-fnnetion  of  the  wires  and  circuit  resistance. 

'Pspical  combinations  of  ssires  used  are:  iron 
and  constantan,  cop|xr  and  constantan.  chromcl 
and  ahnnel  and  platinum  and  platinum-rhodium. 
Operating  temperature  range  saries  considerably 
depending  upon  svire  ts|xs  used.  In  general  the 
range  is  from  about  —200  to  -1-1.600  C. 

niermocouples  can  lx-  used  to  operate  indi¬ 
cating  instruments  directly.  A  mnnlxr  of  thermal 
junctions  can  be  connected  in  series  to  form  sshat 
is  knosvn  as  a  thermopile. 

MAGNK 1  OF.I.F.CTRIC  TR.XNSDUCF.RS-Basic  to 
operation  of  a  magnctfxlectric  transducer  is  the 
fact  that  a  svire  mosing  in  a  magnetic  field  gen¬ 
erates  an  emf.  I'igures  s  and  6  shosv  examples. 

Adsantages  arc:  usually  no  physical  contact 
with  quantity  Ixing  measured,  small  loading  effect 


Accelerometer  by  Consolidated  Electrodynamics.  Vibra¬ 
tion  of  sluH'k  forces  polar  fluid  through  the  ceramic 
partition,  creating  an  electrical  output 


FIG  5 — Potter  .'Veronautical's  flow  tians«lucer  o|>erates 
on  the  emf-generatiiig  principle.  Fre»|uency  of  induced 
signal  is  proportional  to  flow  rate.  Total  pulses  are  pro¬ 
portional  to  total  flow 
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TABLE  II  —  Characteristics  of  Typical  Voltage  and  Current  Generating  Transducers 


Basic 

Transducer 

Measurement 

Input  Range  ' 

Sensitivity 

Operating 
Frequency  Range 

Output 

Characteristics 

Piezaelectric 

Vibration 

acceleration 

0.01  to  5.000  g 

1  to  100  mv  g 

3  to  20,000  cps 

700  to  5,000  MMf 

Crystal 

Sound 

pressure 

1  to  1,000,000 
dynes  cm’ 

10  to  100 
/IV  dyne  cm’ 

10  to  200,000  cps 

300  to  5,000 
ohms 

Photovoltaic 

Cell 

Light 

100  to  20,000 
ohms 

Phototube 

Light 

3,000  to  11,000 

A 

5  to  200 

Ma  lumen 

Gas  type  to 
about  10  kc 

Changes  with 
operating 
conditions 

Multiplier 

phototube 

Light 

2,000  to  7,500 

A 

6  X  10’  to 

8x  10’ 

Ma  lumen 

ihgriTiiCvtfple 

-200  to  1,600  C 

—10  to  *  60  mv 

Maenetoelectric 

Device 

Vibration 

velocity 

0.001  to  40  in.  sec 

Speed 

100  to  11,000  rpm 

Electroct.^.T.;cal 

Electrode 

pH 

1,000  megohms 

Electron  Tuba 

Acceleration 

0  to  10  g 

Radioactive 

Gage 

Thickness 

2  to  20.000 

me 

and  good  accuracy.  I  ligh-frcqucncv  applications 
arc  often  limited  bcainsc  of  hysteresis  losses. 

ELECTROCHEMIC.XL  I  RANSDUCERS  One  of  the 
most  common  applications  for  an  electrochemical 
transducer  is  in  the  measurement  of  hvdrogcn-ion 
concentration  or  pH. 

I'wo  electrodes  arc  immersed  in  the  liepiid 
under  test.  One  electrode  has  a  constant  poten¬ 
tial  with  respect  to  hvdrogen  regardless  of  the  pi  I 
of  the  liquid.  A  saturated  solution  of  calomel 
(mercurous  chloride)  is  often  used.  'lire  other  elec¬ 
trode  must  have  a  potential  output  with  respect 
to  hvdrogen  which  varies  with  pH.  h'or  this 
second  electrode,  a  so-callcd  glass  electrode  is 
often  used. 

ELECTRON-'I  IJBE  I  RANSDUCERS  -  Electron  tul>c 
transducer  refers  to  anv  transducer  employing 
an  electron  tube  with  an  clement,  or  elements, 
free  to  move.  Bv  change  in  element  position,  out¬ 
put  of  the  tube  varies  in  proportion  to  the  quan¬ 
tity  being  measured  such  as  acceleration,  vibra¬ 
tion  or  pressure. 

Large  output  is  available  liccause  of  the  gain 
of  the  tube.  I'ine  control  of  electron  flow  gives 


FIG.  6 — Angular  velocity  can  he  nieasiire<l  with  an 
emf-generating-type  transducer  and  circuitry  sug¬ 
gested  hy  Electro  Products  Laboratories 


high  sensitivity.  I'reqnency  response  is  almost 
unlimited.  Construction  and  calibration  are  fre- 
cpientlv  complex.  .\  |jovver  source  is  needed 

RADIO.\CHVHY  IR.VNSDUCERS-Rad  loactive  ma¬ 
terials  can  Ik  detected  either  by  the  ioni/ation  or 
excitation  thev  produce  in  passing  through  matter 
or  by  .secondarv  charged  particles  thev  produce  by 
interaction  with  matter. 

.\  common  detection  device  is  a  chamber  con¬ 
taining  two  electrodes.  If  there  is  no  potential 
difference  Iretween  the  electrodes,  ions  produced 
are  subject  only  to  thermal  agitations  and  re¬ 
combine.  Onlv  a  small  mnnl)er  are  collected. 

If  a  potential  difference  is  established  iK'tweeii 
the  electrcKles  and  is  gradually  increased,  ions  will 
1k'  more  and  more  completelv  collected  Ix'fore  re¬ 
combination.  W  hen  a  certain  field  strength  is 
reached,  all  ions  reach  the  electrodes. 

Increasing  the  potential  still  further  causes  a 
secondarv  effect  of  ioni/ation  bv  collision  which 
results  in  a  multiplication  of  the  ioni/ation.  Multi¬ 
plication  continues  until  a  voltage  is  reached  at 
which  point  all  pulses  of  ioni/ation.  regardless 
of  initial  strength,  are  multiplied  to  a  final  con¬ 
stant  size.  This  point  is  the  Gciger-Mueller  region. 

Below  the  Geiger-Mncller  region,  multiplica¬ 
tion  is  constant  and  ionization  collected  is 
dircctlv  proportional  to  that  produced  bv  the 
initial  ionizing  event.  Iliis  region  is  cvilled  the 
proportional  region.  Ghambers  ojxrate  in  three 
modes— as  ioniz.^ition  chamlxTS  with  no  gas  mnlti- 
irlication.  proportional  counters  and  Gciger- 
Mueller  counters. 

Since  Ixta  particles  have  100  times  more  pene¬ 
trating  power  than  alpha  particles,  they  are  often 
used.  Gamma  and  X-rays  are  used  for  thick  ma¬ 
terials.  I'vpical  radioactive  isot»)pes  used  in  Ixta- 
rav  gages  include:  carbon,  calcium,  promethium, 
strontium,  v  ttrium,  sulphur  and  thallium. 
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Medical  electronics  l)enefits  from  use  of  Yellow  Spring  Instrument’s  thermistorized  Tele-Thermometer 


Changes  in  resistance,  capacitance  or  inductance  basic  to  variable 
parameter  transducers  are  observed  either  by  the  null  method 
using  a  potentiometer  or  bridge  circuit.  Or  the  varying  parameter 
may  produce  a  voltage  for  amplification 


M\|()R  lYPKS  of  xoltagc-procluciiig  transclucxTs  have 
Ix'cn  discussed.  Remaining  basie  transducers  are 
all  of  the  sarsiug-circuit-parainctcr  sariets.  'Fable 
111  gises  representatixe  characteristics  of  these 
units  in  tvpical  incasurcinents. 


cop|x.r  oxide,  zinc  oxide,  cadnnuin  sultidc  and 
thalliiun  oxxsulfide.  .Vs  the  amount  of  light  in¬ 
creases,  resistance  of  these  materials  decreases 
(niaxiunun  sensitixitv  for  lead  sulfide  is  about 
80:1;  selcuiiuu  about  sill. 

riiotocoiuluctixe  dexices  assume  manx  fortns— 
a  semitransparent  coating  on  the  inner  surface 
of  an  exacuated  glass  container;  a  blank  of  glass  on 
xvhich  the  semiconductor  coating  is  applied;  or  a 
pair  of  xvires  xvouud  into  a  closclv  pitched  double 
lielix  on  an  insulated  strip. 

.\pphcations  for  photoconductixe  devices  are 
the  siune  as  for  other  phottK'lectric  dexiees. 


\'ARYING-Ri;SIS  I  ANCE  TRANSPUCERS  -  1’  rans- 
ducers  dependent  upon  change  in  resistance  or 
condtictance  as  an  indication  of  phvsical  quantity 
measured  may  lx;  subdixided  into:  (1)  transducers 
xvhich  undergo  a  nonmechanical  resistance  change, 
such  as  a  thermistor;  (2)  transducers  experiencing 
a  change  in  resistivitv  or  internal  structure,  such 
as  a  resistance  strain  gage;  and  (^)  transducers 
capable  of  gixing  a  mechaiiicallv  xariablc  resistance 
output,  such  as  the  potentiometer. 

Photoconductixe  cells  use  such  semiconductixe 
materials  as  selenium,  germanium,  lead  sulfide. 


niERMOSENSinVE  RESISrORS  Another  non¬ 
mechanical  resistance  xarving  dexice  is  the 
thermosensitixe  resistor,  or  thermistor.  Both  nega- 
tixe  and  |X)sitixe  temjx’rature  ccxfficient  resistors 
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FIG  7 — Radiometer  by  Barnes  Engineering  uses  a  tliermister  bolometer.  Two  matelied  tbermisior  elements  are 
connected  in  a  bridge  circuit  across  a  constant  voltage.  One  com|>ensales  for  ambient  effects  on  the  other 


(barretters)  are  coinmereiallv  available. 

A  negativc-teiiiperature-coefficient  resistor  ex¬ 
hibits  a  decrease  in  resistance  as  temperature  g<Ks 
up.  Some  of  the  materials  used  are:  oxides  of 
cobalt,  copper,  iron,  magnesium,  manganese, 
nickel,  tin,  titanimn,  uranium  and  zinc.  Phvsical 
forms  mav  be  beads,  disks,  flakes,  washers  or  rods. 
\  typical  thermistor  will  exhibit  a  decrease  in 
resistivity  by  a  factor  of  about  sO  as  temperature 
rises  from  0  to  100  C.  rime  constants  varv  from 
a  few  tenths  of  a  second  to  several  minutes. 

Figure  7  shows  a  tvpical  application  in  a 
bolometer.  Figure  8  illustrates  use  of  two  therm¬ 
istors  in  a  thermal  conductivity  cell. 

S  FR.^IN  GAGES— Resistance-  strain  gages  depend  upon 
the  fact  that  when  wire  is  stretched  elasticallv, 
its  length  and  diameter  are  altered.  This  results 
in  a  change  in  resistivity  or  resistance.  Some  of 
the  advantages  of  strain  gages  are:  small  size, 
sensitivity  and  ease  of  application.  Output  signals 
are  generally  too  small  to  Ik  useful  without  ampli¬ 
fication.  ’lire  gages  are  used  with  either  a-c  or  d-c 
bridges.  'I'hcy  are  commonlv  used  for  measuring 
pressure.  Fig.  8,  weight  and  acceleration 

There  are  two  main  forms  of  strain  gage- 
bonded  and  unbonded.  I'he  bonded  unit  usually 
consists  of  a  flat  grid  cemented  to  a  ceramic- 
paper  or  plastic  impregnated-paper  carrier  sheet. 
W'ire  size  ranges  from  0.001  to  0.001s  in.  in 
diameter.  Hie  basic  gage  has  a  resistance  of  about 
120  ohms  and  passes  about  2  s  ma  of  current  in  a 
6-volt  bridge  circuit.  Available  gage  resistance- 
ranges  from  about  60  to  5,000  ohms  with  effec¬ 
tive  gage  lengths  of  A  to  six  in. 

'1  he  unbonded  strain  gage  consists  of  a  station- 
an-  frame  which  supports  a  movable  armature 
through  thin  cantilever  plates. 

Four  filaments  are  generally  used  in  an  un¬ 
bonded  strain  gage.  They  are  connected  in  a 
conventional  Wlicatstone  bridge.  .\s  the  armature 
moves,  strain  increases  in  one  pair  of  filaments 
and  decreases  in  the  other.  Maximum  armature 
displacement  is  about  0.001s  in.  Bridge  resistance 
is  60  to  5,000  ohms.  Accuracy  is  about  one  jxr- 


cent;  linearity  is  about  one  |K-rcent;  and  resolu¬ 
tion  is  about  0.1  |K‘rcent— all  of  full  scale. 

POI’ENIIOMEIERS  Ihe  third  tvpc-  of  resistancc- 
ehanging  device  relies  upon  mechanical  means 
to  select  a  variable  resistance  output.  W  idelv  used 
are  potentiometers  or  slide-wire  resistors.  Ihe 
movable  slider  of  the  potentiometer  is  varied  by 
the  quantity  measured. 

In  commonlv  used  potentiometer  transdnee-rs, 
the  resistive  element  consists  either  of  wound 
wire,  carbon  riblxm  or  deposited-carbon  film. 
In  the  precision  wirewound  tvjx-,  the  resistancr 
wire  is  wound  on  a  mandrel.  I. inear  or  nonlinear 
outputs  are  available  dejx-nding  upon  the  sha|x- 
of  the  mandrel.  Tvpieal  nonlinear  mandrels  pro¬ 
duct-  outputs  that  are  sine,  cosine,  logarithmic, 
hv|X'rbolic  and  exponential  functions. 

VARYING-CAPAGH  ANCE  I  RANSimCERS  I  riuis 
ducers  de|x-nding  upon  a  change  m  eapacitancx- 
proportional  to  the  change  in  quantitv  measured 
make  use  of  fact  that  capacitance  is  proportional 
to  the  dielectric  constant  of  the  dielectric,  effec¬ 
tive  area  of  the  capacitor  plates,  and  the  separa 
tion  of  the  plates.  .\nv  one  of  these  three  can 
lx-  the  varying  factor  causing  a  change  in  capaci¬ 
tance. 

Capacitive  transducc-rs  may  lx-  accurately  cali¬ 
brated  and  easilv  applied,  but  long  lead  lengths 
and  moving  leacls  jx-rmit  stray  pickup;  the  trans¬ 
ducc-rs  need  sensitive  implifiers;  and  then  dielec¬ 
trics  mav  lx-  tc-mpe-rature-sensitive. 

VARIABLE-INnUCl  ANCE  TRANSDUCERS  -  In 
the  inductance-varying  group,  are  found  inductors 
with  powdered-iron  or  magnetic  cores  that  arc-  mov  ¬ 
able  and  result  in  a  change  in  inductive  reactance-. 
Also  available  are  dev  ices  in  which  the  length  of 
the  flux  path  or  air  gap  in  the  armature  mav  Ix- 
changed  by  the  quantitv  measured,  resulting  in  a 
change  in  inductance-  or  inductive  reactance. 

Many  variable-transformer-tvpc-  transducers  fall 
under  this  first  category.  With  most,  primary 


66 


lu/y  4,  1958  —  ELECTRONICS  engineering  edition 


excitation  is  alternating  current.  Output  voltage 
is  iiulnetxl  owing  to  flnx  changes  caused  by  this 
priniarv  current.  I  he  amount  of  flnx  linking  the 
secondarv  is  \aried  by  motion  of  the  primary 
winding. 

Two  variable-transformer  devices  are  the  svn- 
chro  and  resolver.  If  the  rotor  of  a  svnehro  is 
made  to  turn  bv  the  cpiantitv  being  measured, 
the  relative  coupling  to  the  stator  is  changed. 
Since  the  primarv  or  roh)r  is  iKing  supplied  with 
an  alternating  current,  voltage  output  of  the 
svnehro  will  varv  in  projxntion  to  the  change  in 
position  of  the  rotor. 

In  the  variable-relnetance-tv|X'  transducers, 
some  element  of  the  magnetic  circuit  is  moved  bv 
the  mechanic-al  input.  This  action  causes  a  change 
in  the  flux  linkages,  resulting  in  varying  reluctance 
and  induetanee. 


niM  KRF.M  I.\l.  I  R.\NSI ORMKR-  I  he  linear  differ 
ential  transformer  is  avadable  m  main  sariations 
but  basie;ill\  it  is  a  core  and  three  coils-primary 
and  two  secondaries.  I'lux  linkage  between  the 
primarv  and  the  secondaries  is  changed  by  varvmg 
the  jxisition  of  the  core.  Ordinarily,  the  two  sec¬ 
ondaries  are  eonneeted  series-opposed.  W  ith  the 
core  centered  Ixtwcen  the  two  secondaries,  iniiii- 
inuin  output  results.  .-\s  it  is  moved  closer  to  one 
secondary  coil,  induced  voltage  is  increased  in  the 
closer  coil  and  dccrease-d  in  the  further  one.  Con- 
sequentlv,  an  output  voltage  is  prixlnced  pro¬ 
portional  to  the  displacement  of  the  core.  I  he 
linear  differential  transformer  has  high  sensitivity, 
large  dvnamic  range,  high  resolution  and  goiKl 
signal-to-noise  ratio.  It  requires  no  electrical  con¬ 
nection  to  the  moving  element  eliminating  the 
need  for  slip  rings. 

M.\CiNK  rOSi'RIC  riON  —  Magnetostriction,  or  the 
joule  effect,  is  the  phenomenon  of  a  change  m 
dimensions  of  certain  materials  as  a  result  of  a 
changing  magnetic  field.  Hut  this  is  a  reversible 
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KKi.  8-^  Two  strain-gage  pressure  transducers  give 
.Mach  number  information  in  the  G.  M.  Ciannini  setup 
( above!.  Two  thermistors  are  used  by  Gow-Mac  In¬ 
strument  for  its  thermal  conductivity  cell  (lielow). 
Resistor  R,  is  adjusted  until  current  to  bridge  is  be¬ 
tween  four  and  six  ma.  Resistor  /<,  is  adjusted  for 
full-scale  deflection 

process  and.  convcrsclv,  change  in  dimension  of 
a  magnctostrictivc  material  vv  ill  produce  a  varying 
magnetic  field.  I'liis  latter  property  makes  niag- 
netostrictive  devices  useful  as  nonclectrical-to- 
elcctrical  input  transducers.  The  magnctostrictivc 
transducer  is  a  varying-permeabilitv  dcnice  since 
the  change  in  length  causes  a  change  in  perme¬ 
ability.  This  change  varies  the  inductance  of  asso¬ 
ciated  windings. 

Typical  magnctostrictivc  materials  are  permal¬ 
loys,  cobalt  and  nickel.  Magnetostrictive  trans¬ 
ducers  have  found  use  in  sonar  equipment  and  in 
measurement  of  force  and  displacement. 


TABLE  III  —  Characteristics  of  Typical  Varying  Circuit  Parameter  Transducers 


Transducer 

Measurement 

Input  Ran^e  ^  Sensitivity 

Operating 
Frequency  Range 

Output 

Impedance 

PhtticindHCtive 

Cell 

Light 

2,500  to  30.000  A 
Oto  10.000  ftcandle^ 

0.001  to  0.20 
ohm  ohm  ft-c 

20  kilohms  to 

4  meg;Tims 

Tlieriiiesensitivt 

Resistors 

Tempera¬ 

ture 

-240  to +1,100  C 

0.3  to  0  6  percent  deg  C 
-3  to  -5  percent  deg  C 

Strain 

Call 

Force 

1.7  to  3.3 
gage  factoi 

60  to  5,000  ohms 

Pitentiameter 

Angular 

displaccp^ent 

15  to  14,400 
deg 

Capacitive 

Devices 

Level 

Length  of 
sensing  element 

3  Mpf  change 
full  scale 

500  ohms 

Synchros 

Angular 

displacement 

0  to  360  deg 

6  to  18 
min 

Linear  Differ¬ 
ential  Trans¬ 
formers 

Linear 

displacement 

Oto  2.5  in. 

0.01  to  0.25 
v/v/in. 

I 

Depends  on 
power  frequency 

22  ohms 

Mainetestrictive 

Devices 

Linear 

accelerai.on _ 

Oto  1,000  g 

lOmv/g 

Up  to  20  kc 

270  ohms 
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flow¬ 

meter 


VARIABLE 

SPEED 

CHANGER 


ALL  THE  TRANSDUCERS  discussed  in  this  report 
have  been  basic  t\pcs.  Basic  elements  are  the 
mainstay  of  des  ices  such  as  accelerometers,  load 
cells,  bolometers,  pyrometers,  and  temperature 
probes.  Accelerometers,  for  example,  are  available 
incorporating  differential  transformers,  piezoelec¬ 
tric  crystals,  \ariablc  capacitors,  resistance  strain 
gages,  cmf  generating  mechanisms,  variable  reluc¬ 
tance  units,  and  potentiometers. 

Load  cells  most  often  use  one  or  more  resistance 
strain  gages.  Bolometers  usually  use  a  thermo- 
resistise  element.  Pvrometers  can  consist  of  a 
bolometer  or  a  multiplier  phototulx;. 

When  a  differential  transformer  or  potentiom¬ 
eter  is  tied  in  with  a  gyro  to  convert  displacement 
to  an  electrical  parameter,  the  combination  is 


often  called  a  gyro  transducer. 

CIRCUITS-Bridge  circuits  are  often  used  between  the 
transducer  and  the  indicating  device.  Differentiat¬ 
ing  and  integrating  circuits  also  play  important 
roles.  For  example,  an  electric-al  signal  projmr 
tional  to  acceleration  may  be  integrated  to  gise 
a  measure  of  velocity.  second  integrating 
operation  gives  a  measure  of  displacement.  Differ¬ 
entiating  circuits  may  be  applied  to  go  from  dis¬ 
placement  to  velocity  to  acceleration. 

.Mthougli  the  transducer  is  vital,  the  circuits 
between  the  transducer  and  the  indicator  or  re¬ 
corder  are  areas  of  electronic  ingenuity. 

LIQltID  BLF^NDING— Figure  9  shows  a  system  tor 


STEPPING 

MOTOR 


Permanent  record  of  forming  temperatures  of  titanium-metal 
sheet  is  kept  hy  infrared  pyrometer  of  Servo  Corp.  of  America  and 
chart  recorder 


FIG.  9 — Blending  ratio  between  two  liquids  is 
achieved  with  this  Waugh  Engineering  system 
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Transducer 

Applications 

Industrial  applications  of  electronic  measurement  have  increased 
greatly  in  recent  years.  Contributing  to  this  increase  has  been 
development  of  new  transducers  and  refinements  in  existing  ones 
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FIG  10— Whether  or  not  a  foundry 
cupula  chartte  in  above  or  Itelow  a 
specified  level  is  determined  by  this 
Stromlwru-Carlson  system 
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blinding  two  liquids.  The  flow  meter  uses  a 
IKTinancnt-inagnet  rotor  to  induce  an  a-c  signal  in 
a  coil.  \  flow  meter  is  installed  in  each  pi|xline 
ami  pulse  signals  from  each  drive  a  stepping 
motor.  Meters  are  calibrated  in  pnlses-|xr-gallon 
so  that  total  sh.ift  displacement  of  the  stepping 
motor  is  proportional  to  total  qiiantitv  of  fluid 
which  has  iwssed  through  the  flow  muter.  Hiffcr- 
ence  Ixtween  these  quantities  is  converted  to  a 
shaft  displacement  In  a  differential  gear  indicating 
an  error  m  fluid  quantities,  and  is  detcctid  In  an 
inductive  pickofl.  The  pickoff  controls  a  servo 
motor  to  regulate  the  throttling  valve  and  reduce 
the  error  to  zero.  .\  vari.ible  s|xiil  changer,  man¬ 
ually  adjusted,  sets  the  desired  blending  ratio. 


lOl'NnR^'  ClIIARCilNCi-  riie  svsteni  shown  m  Fig.  10 
indicates  whether  or  not  the  level  of  .i  foundry 
cupola  charge  is  alxive  or  Ixlovv  a  specified  level. 
Ctanima  r.ivs  from  a  cobalt  60  source  are  detected 


Resistance  strain  gages  are  in¬ 
corporated  in  this  Baldw  in-Lima- 
Hamilton  torque  pickup 


Balancing  test  of  a  blower  makes 
use  of  piezoelectric  vibration 
transducers  in  this  Flectric  Boat 
Div.  of  General  Dynamics  setup 
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DET 

PULSE 

INTE- 

SHAPER 

GRATOR 

Three  proximity  pickups  of  Electro  Products  Laboratories 
operating  on  the  eddy-current-loss  principle  are  installed  on 
pinion-gear  bobbing  line  at  Ford  motor 


In  this  Barry  Controls  setup,  ratio  of  signals  from  two  a-c 
transducers  at  left  is  plotted  on  recorder  at  right  for  a 
permanent  record  of  vibration  transmissibility 


by  a  G-M  tube.  The  tube  produces  onc-\olt 
pulses  which  drive  a  pulse-shaping  circuit  to  pro¬ 
duce  pulses  of  known  width  and  amplitude,  nie 
integrating  circuit  accepts  these  pulses  and  pro¬ 
duces  a  d-c  output  proportional  to  the  counting 
rate  or  intensity  of  radiation  transmitted.  The 
d-c  output  controls  a  Schmitt  trigger  which,  in 
turn,  starts  a  timer.  The  timer  actuates  a  relay 
after  any  preset  time  from  one  to  30  min. 

TELEMETERING— Transducers  are  often  used  in  a 
variety  of  ways  to  control  oscillator  circuits.  For 
example,  in  a  telemetering  svsteni.  the  output  of 
a  \oltagc-gcncrating-t\'j}c  transducer  may  be  used 
to  modulate  a  voltage-controlled  oscillator.  In 
some  cases,  a  variable-parameter  transducer’s  out¬ 
put  is  used  to  change  the  frequenev’  of  an  oscil¬ 
lator  by  virtue  of  a  change  in  capacitance  or 
inductance. 

Often,  the  output  from  a  generating  transducer 
is  a  d-c  signal  too  small  to  op>cratc  an  indicator 
directly.  In  these  cases,  it  is  common  practice  to 
use  chopper-amplifiers  with  the  transducers  to  con¬ 
vert  the  d-c  signal  to  a-c  for  easy  amplification  by 
conventional  means. 

Auxiliary  mechanisms  play  an  important  part 
in  electronic  measurement  systems.  When  resist¬ 
ance  strain  gages  are  used  for  measuring  pressure, 
a  pressure-sensitive  tube  with  the  gages  bonded 
to  its  outside  surface  is  often  used.  Pressure 
causes  the  tube  to  expand  and  stretch  the  wire, 
increasing  resistance.  With  the  unlx)nded  strain 
gage,  the  armature  is  connected  by  a  pin  to  a 
metallic  bellows  or  diaphragm.  Pressure  is  applied 
to  one  side  of  the  bellows.  Venting  the  other  side 
of  the  bellows  to  the  atmosphere  permits  measure¬ 
ment  of  gage  pressure.  Evacuating  the  lx.‘llows 
allows  absolute  pressure  to  be  measured.  Lor 
measuring  weight,  a  rectangular  steel  column  niav 
be  used  with  gages  bonded  to  its  side.  Under  load, 
dimensions  of  the  column  change,  stretching  the 
wire.  In  acceleration  measurements,  gages  are 


often  placed  at  the  top  and  bottom  of  a  cantilever 
Ix-am  or  unweighted  Ixam  to  measure  large  or 
small  displacements  or  deflections. 

PRESENTATION -Once  the  quantity  of  interest  has 
Ix'en  sensed  bv  a  transducer  and  circuits  have 
acted  upon  the  signal,  the  remaining  requirement 
is  for  presentation  of  the  information. 

riierc  are  countless  numlx’rs  and  varieties  of 
indicators.  Meters,  cathode-ray  oscilloscopes,  digi¬ 
tal  indicators,  recorders  and  printers  are  all  used 
to  present  information.  In  some  instances,  a 
simple  alarm  such  as  a  flashing  light  or  ringing 
bell  suffices.  In  others,  a  complex  scries  of  opera¬ 
tions  is  initiated  for  automatic  process  control. 
But  in  all  cases,  the  basic  transducer  makes  the 
entire  procedure  |X)ssiblc. 
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FIG.  1 — Radiation  power  deniity  nomograph  ior  pencil  beam.  Method  yields 
usable  answer  ior  other  patterns,  using  smallest  beam  width  in  any  plane 


FIG.  2 — Antenna  geometry  (A)  produces 
typical  pattern  shown  In  (B) 


Radar  Power  Nomograph 


Radiation  from  hijih-power  radar  anteniia»(  can  seriously  injure  industrial 
personnel  in  the  vicinity.  Nomojirapli  finds  radiation  levels  rapidiv  if  the 
radar  beam  width,  peak  power,  pulse  width  and  repetition  rate  are  known 


WestitiBhoiise  Kleotric  Corporation.  Unltlniore.  Maryland 


By  J.  E.  .4LLE>  Air-.\rni  Divl.xlon, 

A  COMMON  SOURCE  of  high- 
intensity  radiation,  capable 
of  inflicting  serious  injury  on 
nearby  personnel,  is  the  hij?h- 
power  microwave  radar  antenna. 

A  quick  method  of  determininjr 
pow'er  densities  due  to  radiation 
from  pulsed  radar  sets  is  given 
in  Fig.  1.  Given  the  transmitter 
parameters  of  a  radar  set,  one 
can  quickly  determine  the  den¬ 
sity  of  radiation  at  any  distance 
from  the  antenna. 

The  nomograph  .solves  the 
equation 

5..  =  3.(i  X  10-’  — (I) 

where  S.v  is  average  power  den¬ 
sity  in  w'atts  /cm",  P„,.,  is  the 
peak  radiated  power  in  kw,  t  is 
the  pulse  width  in  /xsec,  /,  i.s  tne 
pulse  repetition  frequency  in 
pulses  per  second,  r  is  the  dis¬ 
tance  from  the  radar  antenna 
in  feet  and  6  is  the  half-power 


beam  width  of  the  radiation 
pattern. 

A  pencil  beam  of  radiation,  as 
produced  by  a  paraboloidal  an¬ 
tenna,  is  chosen  because  of  its 
prevalence  and  because,  for  a 
given  maximum  dish  dimension, 
it  generally  produces  the  most 
concentrated  beam.  The  geom¬ 
etry  is  shown  in  P'ig.  2A.  The 
average  power  density  at  a  dis¬ 
tance  r  from  the  antenna  is 


where  P..,  is  the  average  trans¬ 
mitted  power  within  the  .solid 
angle  of  the  half-power  beam- 
width  and  A  is  the  cross-sec¬ 
tional  area  of  the  beam  at  dis¬ 
tance  r.  To  determine  P.^.  it 
is  assumed  that  the  beam  shape 
is  as  described  by  Fig.  2B  and 
can  be  expressed  as 

A- (3, 


Analysis  shows  that  80  percent 
of  the  power  is  radiated  through 
the  solid  angle  defined  by  the 
half-power  points.  Thus, 

^O.H  (1) 

The  area  from  Fig.  lA  is. 

.1  =  '  0  fl)»  (.->) 

The  average  |H)wer  of  the  radar 
is, 

l’»r  “  /’mux  7/r  ((i) 

Substitution  of  (4),  (5),  and 
(6)  into  (2)  leads  immediately 
to  Eq.  1. 

Example 

Assume  that  it  is  desired  to 
know  the  power  densit}’  at  a 
location  00  ft  from  a  radar  that 
has  a  half-power  beam  width  of 
2  deg  and  transmits  200  kw  peak 
power  with  a  one  /isec  pulse,  800 
times  per  .sec.  Referring  to  the 
dotted  lines  in  Fig.  2  it  is  seen 
that  the  density  is  0.04  watt/cm*. 
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ELECTRONS  AT  WORK 


Radar  Developments  Aid  Defense 


High-^ain  antenna  shown  inside  radome  increases  range  of  search  radar  52  percent. 
Used  in  Army's  Missile  Master  defense  setup,  the  longer  radar  range  glees  more 
warning  time  to  ready  antiaircraft  weapons 


Advanced,  long-range  search  and 
height-finding  surveillance  radar 
has  been  installed  as  the  principal 
source  of  data  input  for  the  Army’s 
new  Missile  Master  System  at  Fort 
George  G.  Meade,  Md.  The  Defen.se 
Department  has  authorized  the  re¬ 
lease  of  some  details  of  the  new 
radar  developments. 

The  Missile  Master  is  a  complete 
electronic  system  designed  to  co¬ 
ordinate  the  fire  of  Nike  and  other 
Army  guided  missiles  used  in  de¬ 
fense  of  critical  areas.  It  was  de¬ 
veloped  by  the  U.  S.  Army  Research 
and  Development  Laboratory  in 
Fort  Monmouth,  N.  J.,  in  conjunc¬ 
tion  with  The  Martin  Co.  It  is 
guarding  the  Baltimore-Washing- 
ton  area. 

Major  modifications  were  incor¬ 
porated  in  the  General  Electric 
FPS-8  search  radar  for  the  system. 
The  new  .search  radar  is  called  the 
FPS-33.  GE’s  FPS-6  height-finding 
radar  has  also  been  improved  for 
the  installation. 

Significant  improvements  in  the 
search  radar’s  performance  are  at¬ 
tributed  to  a  new  high-gain  an¬ 
tenna.  Range  is  increased  52  per¬ 
cent.  Bogies  are  said  to  be  detected 


at  sufficient  range  for  defensive  so¬ 
lution  and  weapon  alerting  by  the 
time  the  target  is  within  range. 

The  antenna  also  increa.ses  ele¬ 
vation  angular  coverage,  reducing 
the  overhead  cone-of-invisibility. 
High  altitude  coverage  is  said  to 
have  been  increased  appreciably 
also. 

A  new  double  cancellation  mov¬ 
ing-target  indicator  (MTI)  .system 
has  been  designed  into  the  radar. 
The  MTI  system  incorporates  video 
integration,  increasing  target  bril¬ 
liance  and  decreasing  background 
noi.se  on  the  indicator.  As  a  result, 
targets  are  more  easily  detected 
and  operator  fatigue  is  reduced. 

Provisions  for  dual-channel  op¬ 
eration  in  the  FPS-33  are  .said  to 
greatly  increa.se  reliability  of  the 
system.  Addition  of  the  second 
channel  to  the  basic  system  makes 
available  a  complete  standby  unit 
should  the  operating  .system  go  off 
the  air.  Routine  maintenance  is 
al.so  simplified  and  can  be  accom¬ 
plished  without  shutting  down  the 
system. 

Both  radars  can  transmit  video 
and  trigger  information  from  a  re¬ 
mote  site  to  the  Anti-Aircraft  Op¬ 


eration  Center  (AAOC).  This  per¬ 
mits  their  location  at  an  optimum 
site  based  on  terrain  and  tactical 
considerations. 

A  new  range  height  indicator  in¬ 
corporated  into  the  FPS-6  radar 
features  greatly  improved  calibra¬ 
tion  stability  for  better  height  ac¬ 
curacy,  increased  elevation  cover¬ 
age  and  the  latest  atmospheric 
refraction  correction  for  more 
accurate  height  data.  A  raid  size 
indicator  and  remote  data  unit  pro¬ 
vide  an  aid  for  determining  the 
number  of  targets  in  a  group  of 
aircraft. 


Digital  Amplifiers  Use 
Saturable  Transformers 

Digital  ampiifiers  of  noncritical 
design  based  on  saturable  voltage 
transformers  are  being  investi¬ 
gated  by  the  National  Bureau  of 
Standards.  Results  indicate  that 
the  amplifiers  are  particularly 
suited  for  use  with  diode  gating  to 
provide  and,  or  and  not  logical 
functions.  The  investigation  is 
part  of  a  program  sponsored  by  the 
U.  S.  Air  h'orce  Cambridge  Re- 
.search  Center. 

With  .semiconductor  diode  gat¬ 
ing,  it  is  nece.Hsary  to  insert  ampli¬ 
fiers  at  intervals  within  the  gating 
structure  to  regenerate  the  signal 
because  signal  power  is  lost  in 
transmi.ssion  through  the  gates. 

FIG.  1 — Basic  circuit  ior  producing  ones 
and  seros 

The  power  source  (clock  signal) 
in  the  circuit  shown  in  Fig,  1  pro¬ 
duces  a  .square  or  sine  wave.  The 
convention  is  adopted  that  the  posi¬ 
tive  half  cycle  from  the  source  puts 
the  core  in  the  binary  one  state. 
At  this  time,  the  core  is  said  to  re¬ 
ceive  information.  The  negative 
half  cycle  returns  the  core  to  its 
binary  zero  .state,  and  it  transmits 
the  signal  it  has  previously  re¬ 
ceived. 

The  resistance-diode  network  in 
Fig.  2  provides  for  introduction  of 
ONES  and  ZEROS.  The  B  f  voltage 
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250.00 

SC- 1836-1 

18-36 

0-1 

.04 

.4 

8V 

4Vk- 

13%' 

295.00 

SC- 1836-2 

18-36 

0-2 

.02 

.2 

19" 

3V2- 

13" 

395.00 

SC-3672-0.5 

36-72 

0-0.5 

.15 

1.0 

SVs" 

4V%- 

13%' 

295.00 

SC-3672- 1 

36-72 

0-1 

.08 

.8 

19" 

3V^- 

13- 

395.00 

Patent  Pendini 

A  0.01%  SERIES  IS  AVAILABLE  IN  13  NEW  MODELS 

KEPCO  OFFERS  MORE  THAN  120  STANOARO  VOLTAGE  REGULATEO 
POWER  SUPPLIES  COVERING  A  WlOE  RANGE  OF  MAGNETIC,  TUBE 
AND  TRANSISTOR  TYPES.  MOST  MOOELS  AVAILABLE  FROM  STOCK. 
SEND  FOR  BROCHURE  B-585 


LABORATORIES,  INC. 

131-38  SANFORD  AVENUE  •  FLUSHING  55.  N  Y 
INDEPENDENCE  1-7000 


REGULATION  (for  line  or  load)  0.1%  or  0.003  Volts 
(whichever  is  greater) 

RIPPLE: 1  mv.  rms. 

RECOVERY  TIME  50  microseconds 

STABILITY  (for  8  hours)  0.1%  or  0.003  Volts 
(whichever  is  greater) 

TEMPERATURE  COEFFICIENT  0.05%  per  *0.  Am¬ 
bient  operating  temperature  50*C  maximum.  Over¬ 
temperature  protection  included.  Unit  turns  off  when 
over-temperature  occurs. 

I  SHORT  CIRCUIT  PROTECTION:  NO  FUSES  CIRCUIT 
BREAKERS  OR  REL7\YS!  (Designed  to  operate  con¬ 
tinuously  into  a  short  circuit.  Returns  instantly  to 
operating  voltage  when  overload  is  removed.  Ideal  for 
lighting  lamps  and  charging  capacitive  loads. 

I  OVER  CURRENT  CONTROL  can  be  set  from  0  to 
120%  of  full  load. 

I  REMOTE  PROGRAMMING  at  1000  ohms  per  volt. 

I  REMOTE  ERROR  SIGNAL  SENSING  to  maintain 
stated  regulation  directly  at  load. 

■  Suitable  for  square  wave  pulsed  loading. 

I  Continuously  variable  output  voltage  without 
switching. 

>  Either  positive  or  negative  can  be  grounded. 

>  Units  can  be  series  connected. 

■  Power  requirements:  105-125  volts,  50-65  cycles. 

400  cycle  units  available. 

•  Terminations  on  front  and  rear  of  unit. 

■  High  efficiency.  Low  heat  dissipation. 

I  Compact,  light  weight  for  bench  or  rack  use. 

I  (Dolor:  grey  hammertone. 

OROERING  INFORMATION: 

Units  without  meters  use  model  numbers  indicated  in 
table.  To  include  meters  add  M  to  the  Model  No.  (e.g. 
SC-18-1-M)  and  add  $30.00  to  price. 

*Rack  adapter  for  mounting  any  two  8V%'’  x  4Vi"  units  is 
available.  Model  No.  RA2  is  5V'4’'h  x  19"w,is  $15.00 
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FIG.  2 — During  transmit  half  cycle,  cir¬ 
cuit  produces  ones  when  switch  is  open 
and  zeros  when  switch  is  closed 


applied  to  pull-up  resistor  R,  causes 
clock  diode  D,  to  conduct  even  on 
the  most  positive  swing  of  the  clock 
signal.  Resistor  R,  is  large  com¬ 
pared  with  impedance  to  ground 
from  point  J. 

When  switch  S  is  open,  the  stage 
transmits  ONES.  To  do  this,  the 
impedance  to  ground  looking  to 
the  left  from  joint  J  must  be  high 
during  the  receiving  half  cycle. 
With  S  closed,  it  transmits  zeros. 
To  do  this,  the  impedance  must  be 
low  during  the  receiving  half  cycle. 
This  impedance  must  always  be 
high  during  the  transmit  half  cycle, 
which  is  ensured  by  input  diode  D,. 

Two  such  magnetic  binary  re¬ 
peater  stages  can  be  connected  in 
cascade,  as  shown  in  Fig.  3.  The 
two  clock  voltages  are  180  degrees 
out  of  pha.se.  Binary  signals  are 
introduced  into  the  first  stage  and 
transmitted  to  the  second  via  the 
transformer.  A  small  positive  bias 
is  applied  to  the  lower  end  of  the 
secondaries.  Its  amplitude  is  about 
I'o  the  peak  clock  voltage. 

Further  improvement  i  s 
achieved  by  adding  a  choke  with 
high  reactance  at  clock  frequency 
in  the  constant-current  pull-up 
branch.  It  permits  lower  values  of 
B-h  and  /?,,  greatly  reducing  the 
waste  of  d-c  power  in  R,. 


FIG.  3 — Addition  oi  chokes  in  pull-up 
circuit  reduces  d-c  power  requirements 
in  binary  repeater  stages 


The  two-stage  complementer 
shown  in  Fig.  4  was  developed  to 
provide  a  logic  NOT  function.  Stage 
B  is  continually  provided  with  a 
transmit  pulse  by  clock  Y  through 
R'.,  but  its  receive  or  reset  pulse 
must  come  from  point  P.  When 
stage  A  transmits  zeros,  its  output 
winding  is  very  nearly  a  short  cir¬ 
cuit.  Therefore,  on  its  positive  ex¬ 
cursion,  clock  -Y  carries  P  with  it. 
Diode  M  is  conducting,  while  diode 
N  is  open.  Current  from  X  re.sets 
core  B  through  series  resistor  R.. 
Negligible  current  passes  through 
R’.  because  of  the  positive  excur¬ 
sion  of  clock  y,  which  is  in  phase 
with  A'. 

On  the  negative  or  transmit  ex¬ 
cursion  for  core  B,  diode  N  clamps 
P  at  the  bias  level  and  M  opens. 
In  this  way,  a  re.set  pulse  is  pro¬ 
vided  for  B  when  A  transmits 
ZEROS,  and  consequently  B  trans¬ 
mits  ONES.  Conversely,  when  A 
transmits  ones,  it  generates  a  volt¬ 
age  which  opposes  that  of  clwk  A’. 


FIG.  4  Two-stage  complementer  pro¬ 
vides  logical  not  function 


During  this  time,  as  a  result  of  the 
positive  bias  on  the  winding,  diode 
M  remains  open  and  P  remains 
clamped  at  the  bias  level.  Because 
no  reset  pulse  is  available  to  core 
B,  it  transmits  zeros. 

The  proposed  magnetic  repeater 
shown  in  F'ig.  5  makes  use  of  cas¬ 
cading  for  increa.sed  amplifying 
power  and  incorporates  a  comple¬ 
menter  for  inhibiting.  The  pack¬ 
age  consi.sts  of  portions  of  and 
gates  followed  by  an  OR  gate.  An 
input  repeater  stage  is  followed  by 
two  output  stages  in  cascade,  the 
upper  providing  an  amplified  out¬ 
put  signal;  the  lower,  an  inhibit 
output. 

The  AND  gate  diodes  are  directly 
associated  with  the  outputs  of  the 


FIG.  5-  Logical  package  coniislt  oi  por¬ 
tions  oi  and  gates  followed  by  an  or 
gate  and  an  input  repeater  stage  iol- 
lowed  by  two  stages  ior  signal  and  in¬ 
bibit  outputs 

package  rather  than  with  the  in¬ 
puts.  This  places  the  capacitive 
load  of  the  leads  between  packages 
on  the  anode  side  of  the  input  di¬ 
odes  rather  than  on  the  cathode 
side.  During  the  transmission  of 
ONES,  the  impedance  from  the 
cathode  side  to  ground  is  consider¬ 
ably  higher  than  from  the  anode. 
This  arrangement  al.so  ensures  that 
the  pull-up  currents  of  the  driven 
stages  will  not  be  combined  in  a 
single  long  lead.  The  inductance  of 
such  a  lead  could  well  exceed  the 
saturation  inductance  of  the  stage 
output  winding. 

There  is  a  delay  of  one  full  clock 
cycle  through  the  package. 


Transistor  Circuit 
Varies  Reactance 

Hv  F.  F.  IIADCI.IFFK 

Dell  Telephotw  l,lll>^<,  New  York.  N.  Y. 

Holding  the  frequency  of  a  2.500- 
cycle  oscillator  constant  to  within 
0.1  cycle  was  a  problem  in  a  devel¬ 
opment  project  at  Bell  I^jibs.  To 
accomplish  this  degree  of  control, 
a  variable-reactance  device  was 
chosen  in  which  the  reactance  could 
be  varied  as  needed  by  applying 
an  adjustable  d-c  current  to  its 
input  terminals. 

Preliminary  work  indicated  that 
a  suitable  variable  reactance  circuit 
could  be  built  ba.sed  on  a  character- 
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for  aircraft 
for  missiles 
for  computers 
for  controls 


SPRAGUE  MAGNETIC  SHIFT 
REGISTER  ASSEMBLIES  get 

the  full  treatment!  Every  component 
that  is  used  in  their  construction  is 
carefully  checked  for  performance 
and  reliability.  Only  the  very  best 
get  by.  All  complete  assemblies  are 
100  %  pulse  performance  tested  be- 


IIJUUU 


fore  they  leave  the  plant . . .  assuring 
on-the-job  reliability  and  long  reg¬ 
ister  life... at  the  least  possible  cost. 

Sprague  register  assemblies  match¬ 
ed  to  your  specific  application  re¬ 
quirements  are  your  best  buy!  You 
get  just  the  right  case  styles,  type  of 
sealing,  number  of  stages,  read  and 
write  provisions  you  need.  Standard 
designs  are  easily  modified  to  meet 
most  system  requirements.  For  Data 
Sheets  on  core-diode  type  magnetic 
shift  register  assemblies,  write  the 
Technical  Literature  Section, 
Sprague  Electric  Company, 
35  Marshall  St.,  Nonh  Adams, 
Massachusetts. 


SPRQGUE 

the  mark  of  reliability 


•PRAGUE  COMPONENTS: 

MAONETIC  COMPONENTS  •  TRANSISTORS  •  RESISTORS  •  CAPACITORS  •  INTERFERENCE 
FILTERS  •  PULSE  NETWORKS  •  HIGH  TEMPERATURE  MAGNET  WIRE  •  PRINTED  CIRCUITS 
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(A) 


(B) 


FIG.  1 — Equiyalent  circuit  ior  Tariable 
reactor  shows  dependence  of  capacitive 
reactance  on  emitter  current 

istic  of  the  transistor.  (See  elec¬ 
tronics,  Feb  28,  1958,  p  97.) 

The  basic  circuit  is  shown  in  Fig. 
lA,  and  the  equivalent  circuit  in 
Fig.  IB.  Capacitor  C  may  be  as¬ 
sumed  to  be  in  parallel  with  the 
collector  capacitance,  Cr,  since  r»  is 
small  compared  to  the  reactance  of 
C.  Also  r,  may  be  omitted  in  any 
analysis,  since  it  is  large  compared 
to  the  reactance  of  C. 

A  high  value  of  resistance  also 
appears  in  parallel  with  the  vari¬ 
able  reactance  and  is  simply  the 
output  resistance  of  a  grounded- 
emitter  stage.  With  large  values  of 
emitter  current,  this  resistance  may 
be  low  enough  to  stop  the  oscillator. 
But  sufficient  reactance  is  usually 
obtained  before  this  occurs. 

The  variable  reactance  occurs 
because  (c  -|-  c,)  varies  with  emit¬ 
ter  current.  As  a  first  assumption, 
the  variable  reactance  can  be  said 
to  be  dependent  on  the  variable  a 
vs  emitter-current  characteristic. 
An  equation  for  the  reactance  may 
be  derived  by  setting  up  equations 
for  the  output  impedance  of  a  three- 
terminal  network  terminated  on  the 
input  by  R,  and  the  equations  for  a 


grounded-emitter  amplifier.  When 
solved  for  reactance  Z,  this  be¬ 
comes  : 

Zl^XcH  -  a) 

To  test  this  equation,  a  2,500- 
cycle  oscillator  was  set  up  similar 
to  that  in  the  developmental  unit 
mentioned. 

A  variable-reactance  circuit  was 


VARIABLE 

reactance 

CIRCUIT 
+  I2V 


OSCILLATOR 
+  02V 


FIG.  2 — Experimental  eilicon  transistor 
varies  reactance  as  d-c  current  is 
chanqed 

connected  across  the  oscillator  as 
shown  in  Fig.  2.  The  setup  was 
used  to  measure  the  frequency  shift 
produced  by  the  circuit.  The  vari¬ 
able  d-c  current  to  control  the  vari¬ 
able-reactance  circuit  was  fed 
through  resistor  R.  A  similar 
frequency  shift  was  then  obtained 
by  biasing  the  variable  reactance 
circuit  to  cutoff  and  connecting  the 
calibrated  decade  capacitor  box  to 
the  tank  circuit  of  the  oscillator. 

The  characteristics  of  the  silicon 
transistor  were  measured  at  the 
same  operating  currents  employed 
above.  From  this  data,  the  value 


Table  I — Comparison  of  actual  and  calculated  reactances 


Frcq 

(cps) 

I, 

(mA) 

h 

(mA) 

a 

r* 

r* 

DiK-adc  B<»x 
r(MMf)  -Vr 

Cal¬ 

culated 

A'r 

2,. 500 

0 

0 

0 

2;  4.50 

51 

18 

0  6 

1.50 

680 

.')00 

130,0(K) 

Kki.tKK) 

2,400 

120 

30 

0  791 

27.5 

1,0.50 

63,2(¥) 

61,0(M) 

2,350 

220 

40 

0  868 

148 

1  ,.52.5 

44,400 

40,  KX) 

2,300 

3.50 

.50 

0  <»00 

9() 

2,220 

31,200 

31,700 

2.2.50 

.500 

00 

0  920 

68 

2,870 

24,7(K) 

26,000 

2,200 

700 

08 

0  9.3.5 

.50 

3,. 58.5 

20,200 

21,600 

. . .  cross  new 
frontiers  in  system 
electronics  at  THE 
GARREU  CORPORATION 


Increased  activity  in  the 
design  and  production  of  sys¬ 
tem  electronics  has  created 
openings  for  engineers  in  the 
following  areas; 


ELECTRONIC  AND  AIR  DATA 
SYSTEMS  Required  are  men  of  proj¬ 
ect  engineering  capabilities.  Also 
required  are  development  and 
design  engineers  with  specialized 
experience  in  servo-mechanisms, 
circuit  and  analog  computer  design 
utilizing  vacuum  tubes,  transistors, 
and  magnetic  amplifiers. 


SERVO  MECHANISMS 
AND  ELECTRO  MAGNETICS  Complete 
working  knowledge  of  electro-magnet¬ 
ic  theory  and  familiarity  with  materi¬ 
als  and  methods  employed  in  the  design 
of  magnetic  amplifiers  is  required. 

PLIGHT  INSTRUMENTS  AND 

TRANSDUCER  DEVELOPMENT 
Requires  engineers  capable  of  analyz¬ 
ing  performance  during  preliminary 
design  and  able  to  prepare  proposals 
and  reports. 


PLIGHT  INSTRUMENTS 
DESIGN  Requires  engineers  sillied 
with  the  drafting  and  design  of  light 
mechanisms  for  production  in  which 
low  friction,  freedom  from  vibration 
effects  and  compensation  of  thermo 
1  expansion  are  important. 


HIGH  PREQUENCY  MOTORS, 
GENERATORS,CONTROLS  Requires 
electrical  design  engineers  with 
BSEE  or  equivalent  interested  in 
high  frequency  motors,  generators 
and  associated  controls. 


Send  resume  of  ednralion 
and  experience  today  to: 

_  Mr.  G.  D.  Bradley 


TNB  (CiinnCTT) 


9851  S.  Sepulvrda  Blvd. 
Lo*  Anxelea  45,  Catif. 
divisions: 

AiRrsrarrh  Manufarlurinx 
Lot  Angrtrs 

AiRnrarrh  Manufarluring 
Phocnis 

AiRnrarrh  Indualriat 
Rra  — Arro  Enginrrring 
'/  —  Air  Cruiarrt 
AiRrsrarrh  Avialion 
5»rrvice 
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AUXILIARY  POWER 

for  the  U.S.  Army’s  deadly 


PRECISION  EQUIPMENT 


SWEEP  eENERATORS 


PERMITS  ACCURATE 


R.F.  Measurements 
By  Comparison 


Gain -VSWR- Loss 

From  200  KC  to  1 000  MC 


Measwement 
Of  Veltase 
Stoadiiig 
WoveRuHe 


SCOPE 


reflection  00  DOWN 
OF  CIRCUIT  IS  =  TO 
TWICE  ATTEN.  SETTING 


, FEED-THRU  DET 

omwwwr- 


MATCHED  delay  LINE 


SWEEP 


GEN. 


Mea*!  FD-30  ^ 

ID - 


STANDARD  ATTEN 


OPEN 


/Measuremenfs  Unaffected  By: 

•  Oscilloscope  Gain  or  Linearity  Changes 

•  Sweep  Generator  Power  Output  Changes 

•  Square  Law  Characteristics  of  Detector 

•  Delay  Line  Losses 

Comparison  Measurement  Techniques  can  achieve  accu* 
racies  in  the  order  of  ±0.2 — Without  Refinement  Efforts. 

SEND  FOR  TtCHNICAL  NEWSLETTiR 

Informative,  fully  illustrated  technical  news¬ 
letter  describes  RF  Measurements  of  Gain, 
Loss,  or  VSWR  by  the  Comparison  Technique. 


Sweep  Generators 
and  Accessories 
avaitoble  from 
1 5  KC  to  1 000  MC 


JlHIIuLU  ELECTRONICS  CORP. 

1  5th  &  Lehigh  •  Philadelphia  32,  Pa. 

Export  — Rocke  Internatiorjol,  N.Y.,  N.Y. 


FIG.3 — Plot  shows  variations  in  capaci¬ 
tance  with  variations  in  I,  and  U 


of  the  reactance  was  calculated 
usinfi:  the  equation.  A  tabulation  of 
these  values  is  shown  in  Table  1, 
including  the  actual  measured  react¬ 
ance.  The  measured  and  calculated 
values  are  in  fair  agreement  except 
at  very  low  current  values. 

The  table  and  the  curves  of  Fig.  3 
show  that  effective  capacitance 
variations  of  up  to  3,500  ppf  and 
more  can  be  obtained  by  varying 
emitter  current  from  zero  to  700 
microamperes.  Such  wide  variation 
can  be  useful  in  many  applications. 


Tilt  Chart  for 
Displaced  Antenna 
Feed 

Ky  K.  K.  MACASkil.l. 

Senior  Eleetrleal  l-JnBlneer, 

Cook  Kleetrlc  Co.  Morton  Grove,  111. 

Reflector  or  lens-type  antenna 
design  often  requires  that  the 
effects  of  a  laterally  displaced  feed 
upon  the  tilt  of  the  antenna  beam 
be  known.  This  is  especially  true 
in  the  design  or  analysis  of  conical- 
scan  antennas  or  multiple-feed  sys¬ 
tems  such  as  monopul.se  antennas. 

When  the  feed  of  a  ftKusing-type 
antenna  is  displaced  from  the 
optical  axis,  the  .secondary  beam 
tilts  off  axis  on  the  side  opposite 
the  feed.  The  amount  of  beam  tilt 
is  proportional  to  feed  displacement, 
size  of  antenna  aperture  and  focal 
length  of  the  antenna. 

Assume  that  the  feed  point  is 
displaced  a  di.stance  X  from  the 
optical  axis  of  the  antenna.  The 
beam  tilt  can  be  computed  from  the 
following  equation,  which  is  nor¬ 
malized  for  u.se  with  any  size 
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OBTAIN  IDEAL  ELECTRICAL  PROPERTIES  PLUS  ^ 
UNMATCHED  TEMPERATURE  RATINGS  WITH^ 


TEFLOr  INSULATED  WIRES  &  CABLES 


(To  MiUW>1A878  specifications) 


Manuiaclured  to  the  highest  standards  oi  the  industry.  Rex  Teflon  Wires  and  Cables  are  recommended 
for  high  temperature  applications  to  200'’C;  and  low  temperatures  to  ~6S’C.  In  addition,  Rex  TeQon 
Wires  have  low  surface  friction  to  resist  chafing,  abrasion  and  fraying.  High  chemical  stability  prevents 
corrosion  due  to  atmospheric  conditions,  chemicals,  lubricants  and  weather.  The  dielectric  constont  and 
dissipation  factors  are  excellent  and  change  far  less  than  any  other  insulation  over  wide  ranges  oi 
temperature  and  frequency.  Use  of  Rex  Teflon  Insulated  Wire  and  Cable  assures  you  of  unequalled 
performance  —  a  new  standard  oi  excellence. 

X  alto  monufocturet  a  complete  lint  of  wire 
—  *  ^  X  ond  coble  lor  every  rtquiromoni  with  wire  worehouiei 

^  ^  I  ovoll*  cenfrolly  located  for  prompt  service. 

. . 


r-P-*"**;*  coble  ' 


IVrite  for  technical  literature  on  all  Rex 
Wires  ond  Cables,  and  ether  products,  in- 
tiuding  Rexelite  UHF  insulating  maltrialt. 

*Tttlea  registered  l.m.  i.  I.  duPonI  de  Nemours 


I  THE  ,^EX  CORPOKrtnON 


UO  HAYWARD  ROAD.  WEST  ACTON.  MASS. 
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theory  *  design  *  performance 
of  electronic  circuits 

ELECTRONIC  SEMICONDUCTORS 

Just  Publithed.  A  rlcorous  and  systematic  Introduction  to  semiconductor 
physics,  developlns  the  subject  logically  from  .simple  concepts  and  giving 
clear  pictures  of  the  conduction  mechanism  of  electronic  semiconductors 
within  the  framework  of  the  fraud  mnirl.  Among  the  book's  outstanding 
features  are  the  treatment  of  acceleration  of  electrons,  the  Zener  effect, 
etc.  Book  Is  a  translation  of  the  2nd  Oerman  edition  of  fClrklronlrrlir 
llalblritrr  by  Cberhard  Spenke.  Translated  by  D.  Jenny,  H.  Kroemee. 
C.  Q.  Ramberg.  and  A.  H.  Sommer,  RCA  Laboratories.  430  po.,  1S3  illus., 
Sll.OO 

RANDOM  SIGNALS  AND  NOISE 

Just  Published.  An  Introduction  to  the  statistical  theory  underlying  the 
study  of  signals  and  noises  In  communications  systems.  Contains  an 
introduction  to  probability  theory  and  statistics,  a  discussion  of  the 
statistical  properties  of  the  Oausslan  random  process,  a  study  of  the 
results  of  passing  random  signals  and  noises  through  linear 
and  nonlinear  systems,  and  an  Introduction  to  the  statistical 
theory  of  the  detection  of  signals  In  presence  of  noise  By 
William  B.  Davenport,  Jr.,  and  William  L.  Root,  l.liuuii^ 

Laboratory.  M.I.T  3*3  pp..  Ulus..  310.00 


ELECTRON  TUBE  CIRCUITS 

New  3nd  Edition  Just  Published.  Discusses  and  evaluates  the  funda¬ 
mental  properties  of  electron  tubes  and  their  circuit  operations — analyses 
tuned  and  untuned  amplifiers — and  takes  up  In  detail  circuits  essential 
to  modern  electronic  systems  such  as  voltage,  video,  and  power  ampll- 
flrrsi  waveform  generators;  oscillators;  modulators,  etc.  Scores  of  prac¬ 
tical  examples  show  you  best  applications  of  theory.  By  Samuel  Seely. 
Case  Inst  of  Technology.  2nd  Ed.  395  pp.,  739  illus..  310.90 

BASIC  FEEDBACK 
CONTROL  SYSTEM  DESIGN 

Just  Published.  Bases  the  study  of  feedback  control  system  design  on 
complex  frequency  plane  analysis— the  root-locus.  A  wide  range  of 
servo  transducers  and  components  are  covered.  Recent  advances  covered 
Include  a  section  of  gyroscopes  and  force-balance  transducers,  inertial 
navigation;  analysis  of  nonlinear  systems  such  as  the  describing  func¬ 
tion  technique  and  phase  plane  analysis.  Frequency  methods, 
such  as  Nyqulst  and  Bode,  are  Included.  By  C.  C.  Savant. 
L.  of  Southern  Csl.  419  pp..  Illus..  39.90 

SEE  ANY  BOOK  10  DAYS  FREE 


NUMERICAL  ANALYSIS 

Just  Published.  Covers  the  topics  most  directly  needed  for  a 
clear  understanding  of  methods  used  In  numerical  solution  of 
differential  equations,  both  ordinary  and  partial,  and  In  the 
solution  of  Integral  equations.  Clearly  explains  the  use  of 
finite-difference  methods  In  obtaining  numerical  solutions  to 
problems — emphasising  procedures  which  can  be  most  readily 
programmed  for  an  electronic  digital  computer.  Many  helpful 
techniques  such  as  the  use  of  losenge  diagrams  for  numerical 
differentiation  and  Integration  are  supplied.  By  Kaiser  S. 
Kuni,  Ridgefield  Research  Lab.  391  pp..  40  illus..  39.00 


IcOrow-Hill  Soeli  Co.,  D*pf.  Fl.7-4  327  W.  41st  St.,  Nsw  York  34 
Send  me  book(s)  checked  below  for  10  days'  examination  on 

2?  ^  approval.  In  10  days  I  will  remit  for  book(s)  I  keep  plus  few 

cents  for  delivery  costs,  and  return  unwanted  book(s)  postpaid. 

-..  .w  (We  pay  delivery  costs  If  you  remit  with  this  coupon — same 

return  privilege.) 
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Exclusive 
Features 
in  the  Cen^ab 


antenna  aperture  possessing  any 
practical  focal  length. 


2X  MAGNIFICATION 


Where  4>  is  beam  tilt  in  degrees, 
R  =  F/I)  and  K  =  X/I).  F  is  focal 
length  and  D  is  antenna  aperture 
in  the  same  units. 

The  equation  holds  only  for  a 
curved  reflector  or  lens  antenna 
that  has  an  aperture  greater  than 
X/2.  The  resulting  tilt,  however,  is 
independent  of  wavelength. 


ACTUAL  SIZE 


that  gives  you  these  5  exclusive  and  important  advantages 

1.  LOWER  COST:  Th^  compact  units  with  superior  elec¬ 
trical  characteristics  actually  cost  less  than  larger 
units  of  equivalent  rating  now  on  the  market. 

2.  REDUCED  SIZE:  1  to  4  variable  resistors  on  a  single 
steatite  base  plate.  The  4-resi8tor  unit  measures  o^y 
2K*’  X  %"•  Units  with  fewer  resistors  are  propotion- 
ately  smaller. 

3.  VERSATILITY:  Available  with  horizontal  or  vertical 
mounting  brackets,  plug-in  terminals  for  printed  cir¬ 
cuit  boards  or  wire  leads  for  metal  chassis. 

4.  SUPERIOR  KNOB  CONSTRUCTION:  Unusual  knob  design 
permits  adjustment  with  an  internal  or  external  hex¬ 
agon  wrench,  screwdriver  or  by  fingertip. 

5.  FLEXIBILITY:  Fixed  resistors  and  capacitors  can  be  in¬ 
corporated  in  the  Model  5  to  make  a  complete 
operating  circuit. 

SPECIFICATIONS: 

Resistance  Range:  1000  ohms  to  5  megohms,  <^35%, 
linear  taper 

Wattage  Rating:  M  watt  at  70°  C.  ambient 
Breakdown  Voltage:  1250  Volts  RMS,  between  adjacent 
sections  and  to  bracket 
Minimum  End  Resistance:  Less  than  1% 

Rotational  Life:  5%  change  after  250  rotations 
Initial  Torque:  2  inch  ounces  average;  50%  change  after 
250  rotations 

Write  for  Centralab  Bulletin  EP-539  giving  full  spe¬ 
cifications  on  the  Model  5  Radiohm®  series. 


FIG.  1 — Plot  shows  boom  lilt  In  doqroos 
vs  antenna  iaod  oilsol 


To  find  beam  tilt  of  any  focu.sing- 
type  antenna  find  ratios  X/I)  and 
F  D.  Enter  vertical  .scale  in  F'ig.  1 
at  value  computed  for  K.  PrtK-eed 
acro.ss  the  chart  until  lines  repre- 
.senting  values  for  K  and  R  inter¬ 
sect.  Beam  tilt  can  be  determined 
at  this  point  from  the  horizontal 
scale. 

For  example,  to  find  tilt  of  a  flO- 
inch  parabolic  dish  with  a  focal 
length  of  18  inches  and  a  feed  di.s- 
placement  of  41  inches,  enter  the 
vertical  .scale  at  the  value  X  I)  = 
41/30  =  0.15.  Proceed  to  the  F.  I) 
=  18/30  =  0.6  curve,  and  read  the 
beam  tilt  value  on  the  horizontal 
scale.  Beam  tilt  is  6.2  degrees. 


WIRE  J-  LONG 


A  DIVISION  OF  CLOSE-UNION,  INC. 
914G  E.  KEEFE  ATE.  •  MILWAUKEE  I,  WIS. 
Is  (snsUt:  114  Ml.  PttssMl  U.  •  Torssts,  Ostsrls 


RPatent  allowed 


VARIABLE  RESISTORS  •  PACKAGED  ELECTRONIC  CIRCUITS  •  ELECTRONIC  SWITCHES 
CERAMIC  CAPACITORS  •  ENGINEERED  CERAMICS  •  SEMI-CONDUCTOR  PRODUCTS 
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Foremost  Mjnulacturer  of  Pilot  Liehts 


I£  you  sell  to  the  $7  billion  electronics 
industry,  you’ll  want  a  free  copy  of 
electronics  MARKET  MEDIA 
FILE. 


What  are  the  prospects  for: 
MILITARY  ELECTRONICS? 


TWIN  LAMP 
ASSEMBLY 
No.  24B-6939-1437 


REPLACEMENT 
ELECTRONICS? 
HOME  ELECTRONICS? 
INDUSTRIAL 
ELECTRONICS? 


SINGLE  LAMP 
HOLDER 
No.  753a 


Repl«co*6le 
Lamp  Cartrldias 


In  this  brochure— complete  facts  on  DIALCO's 


For  the  Computer- Automation  Industries 

OATALITES  by  DIALCO  are  ultra-miniature  Indicator  Lights 
specially  designed  to  meet  the  critical  requirements  of 
the  computer-automation  fields.  Made  in  2  basic  styles: 

Lmtnp  Holdern  with  DIALCO’S  own  replaceable  Lamp  Cartridgea 
(see  above);  or  integrated  DATALITES  with  Built-in  Neon 
Lampt  which  are  not  replaceable  (see  below).  Ultra-compact, 
single  units  mount  in  Vs"  clearance  hole;  the  twin-lamp 
assembly  mounts  in  V*’  clearance  hole. 

LAMPS  USED: 

►  -.J  MVa  wire-lead 

A  ilj-  Incandescent  lamps. 

or  NE-2E  neon  lamps, 

/tm  aluminum  sleeves 
i^miwuBrk  //  i\  capped  with  plastic 

r  l\  lenses  (7  colors). 


BUYING  INFLUENCES? 


Why  arc  more  than  9,000  men  who 
make  the  buying  decisions  for  30 
giant  companies  subscribers  to 
electronics?  . . .  and  what  does  that 
mean  to  your  advertising  dollar? 


With 

Rotatable 

Lenses 


The  1958  electronics  MARKET 
MEDIA  FILE  gives  the  answers  in 
12  fact-packed  pages  that  you  will 
refer  to  time  and  again  throughout 
the  year. 


OATALITES 

with 

Built-in  NE-2E 
Neon  Lamps 


No. 

249-7840-1431 


No.  249-7841-931 
with 

built-in  resistor 


No. 

250-7841-1431 

with 

built-in  resistor 


(ll/iMr.  tppros. 
scrual  tiie) 


No.  250-7840-1431 


DATALITES  have  fully  insulated  terminals  and  conform  to 
all  applicable  military  specifications.  Integrated  units 
are  available  with  or  without  built-in  resistors.  The 
cylindrical  lenses  can  be  hot-stamped  with  digits,  letters, 
etc.  Complete  details  in  Brochure  L-160.  Send  for  it  now. 

SAMPLES  ON  REQUEST  — AT  ONCE  — NO  CHARGE 


58  STEWART  AVE.,  BROOKLYN  37,  N.  Y.  •  HYacinth  7-7600 
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COMPONENT  DESIGN 


Taut  Band  Panel  Meters 


Schematic  tUw  oi  taut-hand  suspension 


Tout-band  suspension  meter  (leit)  can 
withstand  severe  vibration  and  shock 
without  eiiect  on  accuracy 


Extremely  accurate  laboratory 
galvanometers  may  be  achieved  by 
use  of  the  taut  band  suspension  sys' 
tern.  Taut  band  suspension  is  used 
to  support  the  moving  element  be¬ 
cause  it  reduces  frictional  losses. 

Westinghouse  Electric  Corp.  has 
adapted  the  principle  to  250  deg 
industrial  panel  instrument.  Be¬ 
cause  of  the  metal  used  to  make 
the  band  and  safety  stops  placed 
in  the  suspension  system,  the  meters 
will  withstand  severe  vibration 
and  shock  without  effect  on  ac¬ 
curacy.  The  only  frictional  loss  is 
molecular  friction  within  the  taut 
metal  bands. 

Suspension  Structure 

The  moving  element  is  supported 
at  each  end  by  a  short  hair-like 
band  of  high-strength  alloy.  It  is 
drawn  to  a  rectangular  cross  sec¬ 
tion,  0.005000  inch  wide  and 
0.000500  inch  thick  and  dimension- 
ally  controlled  to  five  millionths  of 
an  inch. 

The  bands  are  permanently 
anchored  to  the  moving  element 
of  the  instrument  and  to  U-shaped 
springs  which  maintain  band  ten¬ 
sion  and  contribute  to  shock  and 
vibration  immunity.  Small  stops 
prevent  excessive  axial  and  radial 
movement.  In  addition  to  serving 
as  the  “axle”  for  an.  instrument,  the 
taut  bands  also  carry  current  to 
the  moving  coil  and,  by  providing 
restoring  torque,  eliminate  the  need 
for  spiral  springs.  Full-scale  250- 
degree  deflection  can  be  obtained 
with  currents  as  low  as  50  micro¬ 


amperes. 

A  test  bank  of  instruments  which 
have  been  operating  for  over  20,000 
hours  without  adjustment  is  still 
within  the  original  1  percent  accur¬ 
acy.  All  of  the  meters  are  shock 
driven  to  full  scale  current  and 
allowed  to  come  to  rest  about  8 
times  per  minute. 


Induction-Heater  Coil 
Does  Not  Arc-Over 

By  keeping  the  pressure-distance 
product  small  an  induction-heater 
coil  was  devised  which  will  zone- 
heat  carbon  rods  to  a  high  tem¬ 
perature  without  causing  glow  dis¬ 
charges.  Carbon  with  large  amounts 
of  occluded  gas  can  be  heated  by 
the  coil  without  high  vacuum  pump¬ 
ing  speeds. 

One  of  the  main  problems  asso¬ 
ciated  with  this  type  of  heater  is 
the  glow  discharge  obtained  in  a 
vacuum  tank  when  using  high  a-c 
voltages.  This  can  be  eliminated 
either  by  the  use  of  a  coupling 
transformer  to  keep  the  voltage 
low  or  by  keeping  the  pressure-dis¬ 
tance  product  small  (in  effect  main¬ 
taining  a  high  pumping  speed). 

It  is  difficult  to  mount  a  trans¬ 
former  close  to  the  heater  or  to 
bring  heavy  secondary  leads 
through  a  vacuum  seal  into  the 
tank.  The  use  of  a  disproportion¬ 
ately  large  diffusion  pump  is  also 
inconvenient.  The  Radiation  Labo¬ 


ratory  of  the  University  of  Califor¬ 
nia  solved  the  problem  by  concen¬ 
trating  on  distance.  If  the  distance 
could  be  made  short  enough  to 
keep  the  pressure-distance  product 
small,  the  pressure  could  be  allowed 
to  make  wide  excursions  without 
entering  the  breakdown  region. 

Number  12  solid  copper  wire 
fingers  were  welded  to  the  copper 
tubing  on  the  grounded  side  and 
extended  to  shield  the  high-po¬ 
tential  side,  thus  effectively  reduc¬ 
ing  the  pressure-distance  product. 
These  fingers  were  spaced  on  half¬ 
inch  centers.  With  this  coil,  a  10 
kw  induction  heater  delivered  full 
rated  output  over  pressure  excur¬ 
sions  from  10"*  mm  Hg  to  10"  mm  of 
Hg  without  breaking  into  a  glow 
discharge.  Before  the  development 
shielding  fingers  it  was  not  possible 
to  heat  the  work,  for  a  glow  dis¬ 
charge  began  as  soon  as  outga.ssing 
of  the  carbon  raised  the  pressure. 
The  induction  heater  had  to  be 
quickly  disabled  to  prevent  the  dis¬ 
charge  from  puncturing  the  copper 
tubing. 

Adjustable  Nonlinear 
Function  Generator 

By  LARKIN  SCOTT 

Perkln-Klmer  Corporation.  Norwalk.  Conn. 

Frequently  parameters  affecting 
servo  operation  must  be  continu¬ 
ously  and  automatically  adjusted 
according  to  various  functions  of 
other  variables  ip  the  system. 
Each  new  function  design  pre.sents 
a  separate  and  time-consuming 
problem.  The  amount  of  time  in¬ 
volved  in  acquiring  a  new  fixed 
fuction  unit  prods  a  system  de¬ 
signer  to  be  correct  on  his  first 
specification. 


FI9.  1  CuTTM  oi  any  arbitrary  thapo 
can  bo  aol-up  on  tho  adjualablo  iunc- 
tlon  ponol 
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()r«faiiic  Fluids  in  New  I'dectroiiics 

One  Mitnsnntn  fluid,  Confanol  45,  has  enabled  entcineers  to  design  smaller,  more  reliable 
elerinmic  packages  for  missiles  and  aircraft,  ('tnnpact,  Ugbhceigbt  cooling  and  hydraulic 
tuning  units  make  possible  longer  ranges  jor  missile  guidance  .systems,  higher  altitudes  for 
a  i  rcra ft  elect  ro  n  ics. 


f9<»P  mmnt  dfogroni.  co«/rf«ijr  /nduffrwt,  Inc.,  Homdnn,  Cmh, 


Thii  new  multipurpose  fluid  system  developed  by  Eastern  Industries, 
lr>c.,  may  be  used  for  missile  guidance  or  Are  control  systems  and  elec¬ 
tronic  countermeasures  equipment.  It  is  composed  of  a  liquid  heat- 


dissipating  unit  on  the  left  (Model  E/HT  200)  and  a  hydraulic  tuning 
unit  on  the  right  (Model  E/HS  100).  Sealed  in  both  units,  Coolonol  45 
cools  the  magnetron  tube,  actuates  the  mechanical  tuning  mechanism. 


Tipi'II)  ctKiliiig  with  Coolaiiol  45 
l>riiiKs  iirw  iH*rf<>nnaiK‘e  cttiict'pfs 
to  flfctroiiic  crpiipment  by  al- 
l«nvin}'  enniiuH’rs  to  Imild  more  and 
more  power  into  loss  and  loss  space. 
The  litpiid  (lows  around  tnlM.'  units  to 
dissipate  the  gn'at  heat  ereatetl  by 
miniatnri/.ation.  As  a  residt,  aircraft 
electronic  systems  can  operate  at  alti¬ 
tudes  where  air  ctxjlinK  is  impractical 
.  .  .  missih's  have  increasetl  accuracy 
over  their  eHective  striking  ranges. 


Cooling  and  hydraulic  units  can  In? 
desigiH'd  into  packages  smaller  than 
a  portable  typewriter.  Kvery  ])otmd 
.saved,  every  watt  of  increased  |x>wer 
contributes  to  a  greater  effective  range. 
C'oolanol  45  oj>erates  efficiently  from 
-65°  F.  to  4(K)  ’  F.  —  a  remarkable 
temperature  variation  for  a  litjuid.  No 
longer  held  to  the  maximum  temjH'ra- 
ture  water  imposes,  engineers  ean  de¬ 
sign  even  "hotti-r”  ecpiipment.  Ctxdanol 
45  is  one  of  many  Mons;iuto  fluids  you 


sec  establishing  new  j>erformant'e  con¬ 
cepts  for  guidance  and  control  systems, 
radar  and  countermeasures  units  and 
nuclear  reactors. 

Fifty  years  of  fluid  research  places 
.\lon.santo  first  in  tlu*  synthetic  fluid 
fi»*ld.  Aside  from  the  25  commercial 
fluids  now  available.  Monsanto  has  a 
niimlxT  of  base  st(Kks  that  allow  modi¬ 
fication.  Whatever  your  reciuirements, 
cxinsult  Monsanto  first  if  you  have  a 
fluid  problem. 


WHEN  YOU  NEED  A  SYNTHETIC  FLUID,  COME  TO  MONSANTO— 

CriKifor  of  Fluidt  for  tho  Futuro 


Send  for  more  information 


MONSANTO  FLUIDS 


Coolanl/dimlacirics  for  •/•cfronic  oquipmoni 
Hydraulic  fluids  in  •/•ctromvcfionicof  lysfmmt 
Lubricants  for  high-tomporaluro  operations 
Dielectrics  for  transformers  and  capacitors 
Coolant/ moderators  for  nuclear  power  reactors 
Modifiers  for  special  fluid  properties 
Heat-transfer  fluids  for  temperature  control 


Coolonol  45;  Monaonlo  T.M.  (formorly  05*45) 


MONSANTO  CHEMICAL  COMPANY 
Organic  Chamicalt  Divitien 
Dapt.  F-1,  SI.  Louie  24,  Mittourl 
Pleose  tend  literature! 

C  Coolonol  45  Technical  Bulletin 
[~1  “Fluidt . . ,  For  Specialized  Engineering** 
(Technical  Data) 

Nome . Title , ...  , 

Company . 

Address . 

City . Zone . State 
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PLUG  RECEPTACLE 


problem.  The  amount  of  time  in¬ 
volved  in  acquiring  a  new  fixed 
function  unit  prods  a  system  de¬ 
signer  to  be  correct  on  his  first 
specification. 


Panel  contains  31  tUdsrs  each  oi  which 
may  b«  adiustsd  to  101  positions 


The  nonlinear  function  generator 
shown  in  Fig.  1  has  three  major 
advantages;  (1)  A  shaft  angle 
to  voltage  transducer,  suitable  for 
use  in  operating  systems,  whose 
linearity  can  be  externally  and 
quickly  adjusted  during  the  experi¬ 
mental  stage  of  operation;  (2)  An 
adjustment  of  linearity  which  will 
include  curves  of  any  arbitrary 
shape,  yet  be  such  that  the  setting 
in  one  portion  of  the  curve  remains 
independent  of  adjustments  else¬ 
where  and;  (3)  A  similar  trans¬ 
ducer  without  external  adjustment, 
whose  response  curve  can  be  fixed 
to  match  any  experimentally  deter¬ 
mined  curve  by  routine  production 
methods  and  done  so  without 
further  design  study  or  computa¬ 
tion. 

The  transducer  portion  at  the  left 
of  Fig.  1  is  constructed  in  a  size 
18  synchro  housing,  convenient  for 
use  with  associated  servo  drive 
equipment.  The  output-voltage 
versus  shaft  rotation  is  externally 
adjusted  by  the  function  adjusting 
as.sembly  shown  to  the  right.  The 
cable  joining  these  two  units  has  no 
major  length  restriction.  Input  and 
output  connections  are  made 
through  terminals  at  the  rear  of 
the  tran.sducer. 


These  plug-and-receptacle  units  are 
^  used  for  panel-rack  or  other  sectional- 

ized  circuits  where  a  number  of  connec¬ 
tions  must  be  made  or  broken.  Any  number  of  contacts  can  be 
provided  ( in  multiples  of  twelve ) .  Male  and  female  contacts 
are  full-floating  for  easy  alignment  and  positive  contact.  Con¬ 
tacts  are  silver-plated  brass  and  phosphor  bronze  with  termi¬ 
nals  tinned  for  easy  soldering.  Ceramic  blocks  are  steatite, 
white  glazed  . . .  non-carbonizing  even  under  leakage  flash- 
over  caused  by  contamination,  moisture  or  humidity.  Write 
for  specifications  of  available  units  or  engineering  recommen¬ 
dations  for  your  requirement.  Lapp  Insulator  Co.,  Inc.,  Radio 
Specialties  Division,  143  Sumner  Street,  LeRoy,  New  York. 


Function  Adjustment 

The  function  adju.stment  panel  is 
arranged  to  display  the  coordinates 
of  the  transducer  function.  Values 
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along  the  lower  edge  of  the  panel 
are  proportional  to  equal  increments 
of  shaft  rotation,  and  values  along 
the  left-hand  edge  of  the  panel  are 
proportional  to  output  or  the  volt¬ 
age  division  ratio. 

The  panel  contains  a  group  of 
31  sliders,  each  of  which  may  be 
separately  adjusted  to  101  positions 
in  the  vertical  direction.  The  verti¬ 
cal  position  of  each  slider  deter¬ 
mines  the  voltage  level  produced 
at  the  corre.sponding  position  of 
shaft  rotation. 

Output  Voltage 

Voltage  output  varies  linearly 
with  shaft  rotation  between  any 
two  adjacent  slider  positions  mak¬ 
ing  the  output  function  a  compo¬ 
sition  of  30  straight-line  .segments. 

A  visual  pre.sentation  of  the  output 
function  makes  it  possible  to  change 
functions  quickly. 

Construction 

In  standard  form  the  adjustable 
function  a.s.sembly  consists  of  an 
auto  transformer  divided  into  100 
equal  .sections.  By  selecting  the 
appropriate  tap  point,  it  is  po.s.sibIe 
to  u.se  the  auto  transformer  as 
a  voltage  divider  to  give  any 
integral  ratio  between  0  and  100 
percent.  The  function  adjusting 
panel  is  thus  a  31  pole/101  posi¬ 
tion  switch. 

The  tran.sducer  is  an  interpola¬ 
ting  device  which  consists  princi¬ 
pally  of  a  single  turn  resistance 
element,  tapped  at  three  equally 
spaced  points.  Through  the  action 
of  a  commutator  and  .switching 
mechanism,  the  potentiometer  tap 
points  are  connected  sequentially  to 
the  31  voltage  levels  established  by 
the  function  adjusting  a.s.sembly. 
The  shaft  of  the  interpolating 
potentiometer  rotates  approxi¬ 
mately  10  revolutions  to  cover  the 
full  range  of  travel.  The  .switch 
wipers  on  the  function  adjusting 
panel  make  it  possible  to  select  any 
voltage  level  produced  by  the  auto- 
transformer  for  each  commutator 
bar.  And  the  interpolating  poten¬ 
tiometer  causes  the  output  to  be 
changed  linearly  from  the  voltage 
on  one  commutator  bar  to  that  of 
the  next. 

It  is  possible  to  reproduce  any 
of  the  desired  nonlinear  functions 
in  the  shaft  angle  to  voltage  tran.s- 


Giannini 

PRESSURE  TRANSDUCERS 
for  any  airborne  application 

These  instruments  are  typical  of  the  extensive 
Giannini  line  of  presssure  transducers: 


451218  "CUBIC  INCH" 

SIZE;  One  inch  cube 
WEIGHT:  2  ounces 
RESOLUTION:  to  300  wires  (0.33%) 
RANGE:  0  15  to  0  50  psi  (a.  d  or  g) 


451212  HIGH  LEVEL  OUTPUT 


HIGH  ACCURACY- 


RESOLUTION 


ACCURACY:  1%  of  reading  for  most 
applications  (considering  linearity, 
hysteresis  and  repeatability) 

RESOLUTION:  2000  wires  (0.05%) 
RANGE:  0  10  to  0  50  psi  (a.  d  or  g) 


45154  HIGH  VIBRATION 
VIBRATION:  25g  to  2000  cps 
REPEATABILITY:  0.8% 

RESOLUTION:  to  250  wires  (0.4%) 
RANGE:  0  10.  0  15.  0  20  psi  (a.  d  or  g) 


HIGH 

PRESSURE 


461227  BOURDON  TUBE 

VIBRATION:  36  g  to  2000  cps  for  special 
applications 


RESOLUTION:  to  400  wires  (0.25%) 
RANGE:  200  10.000  psi  (a,  d  or  g). 

Detailed  Bulletins  are  available  on 
these  transducers .. .write  for  them  today. 
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at  melpar 


For  every  new  weaix)n  devised  a 
countermeasure  has  followed  to  balance 
the  scale. 


At  Melpar  a  major  segment  of  our  effort 
is  directed  toward  developing  electronic 
coimtermeasm-es  to  offset  the  anticipated 
weapons  of  tomorrow. 

The  experienced  engineer  with  an  interest  in 
ECM  will  find  Melpar  can  offer  not  only 
the  technical  challenge  he  is  seeking  but  also 
advancement  opportunities  necessary  to 
further  his  career. 

Our  modern  and  well-equipped  laboratories 
are  located  in  choice  suburban  areas 
near  Washington,  D.  C.  and  Boston, 
Massachusetts.  TTiese  locales  were  selected 
because  of  their  proximity  to  superior 
educational,  cultural  and  recreational 
facilities.  Fine  housing  in  all  price  ranges 
is  readily  available. 


For  detailed  information  about  openings^ 
write  to: 

Technical  Personnel  Representative 


MELPAR  Incorporated 


A  Subsidiary  of  We»tinghouae  Air  Brake  Company 


3101  Arlington  Boulevard,  Falls  Church,  Virginia 
to  miles  from  Washington,  D.C. 


ducei-  ulune.  Space  is  provided  in 
the  tran.sducer  for  either  an  auto¬ 
transformer  or  resistive  voltage 
divider  who.se  tap  connections  can 
be  fixed  in  any  desired  arrange¬ 
ment.  Since  the  basic  electrical 
operation  is  identical  to  that  per¬ 
formed  by  the  function  adjusting 
assembly,  no  further  computation 
is  nece.s.sary  to  specify  the  design 
for  fixed  function  transducers 
which  will  behave  in  accordance 
with  an  operating  curve  determined 
empirically  through  the  use  of  the 
variable  function  device.  This  per¬ 
mits  the  circuit  designer  to  work 
out  desired  curves  during  an  ex¬ 
perimental  stage,  with  the  assur¬ 
ance  of  being  able  to  obtain  easily 
manufactured  transducers  suitable 
for  use  in  final  equipment. 

A  typical  need  for  variable  per¬ 
formance  in  a  servo  system  is  found 
in  the  requirements  for  automatic 
flight  control  of  aircraft. 

A  temporary  function  generator 
installation  provides  manual  gain 
adjustment  of  the  affected  .servo 
loop.  Best  values,  as  a  function  of 
flight  conditions,  may  then  be 
determined  empirically  by  the  test 
crew. 


Temperature-Stable 
Equipment  Cabinets 

Ligiitwkight,  temperature  con¬ 
trolled,  19-inch  general  purpose 
electrical  equipment  cabinets  have 
been  designed  for  the  U.  S.  .Army 
Signal  Research  and  Development 
Laboratory,  Fort  Monmouth,  N.  J. 
by  Craig  Systems,  Inc.,  Danvers. 
Mass.  The  cabinets  will  provide 
proper  *)perational  temperatures 
for  all  types  of  electronic  equip¬ 
ment,  improve  reliability,  and  per¬ 
mit  more  efficient  utilization  of  the 
limited  space  available  in  mobile 
enclosures. 

Design  Features 

Design  features  include:  all  alu¬ 
minum  construction;  built-in  air 
ducts;  temperature  control  with 
either  ambient,  cooled,  or  heated 
air;  vertical  or  horizontal  air  flow; 
removable  side  panels  and  duct 
frame  assemblies  for  individual  or 
multiple  grouping  installation;  ad- 
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jiistHble  mounting  facilities  for 
equipments  of  varying  heights;  and 
removable  insulated  top,  bottom 
and  back  panels.  The  cabinets  are 


Combination  hoator  and  oir  conditionor 
unit  for  oloctronlc  oquipmont 


available  in  and  58i  inch 

heights  and  weigh  55  and  80  pounds 
respec-tively. 
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Temperature  Control 

Temperature  control  for  the 
cabinets  is  obtained  from  a  combi¬ 
nation  heater  and  air  conditioner 
unit  designed  by  Harvey  \V.  Hottel, 
Inc..  Silver  Spring,  Md.  It  can  be 
mounted  directly  in  the  cabinets  and 
used  in  multiples  where  requried. 
The  heater  has  an  output  of  5100 
RTU  hr  at  —65  F  and  is  automati¬ 
cally  shut  off  when  the  cabinet  tem¬ 
perature  reaches  4-50  F.  The  air 
conditioner  has  an  output  of  4700 
BTU  hr  at  4-125  F.  The  unit  has 
overall  dimensions  of  19-inches 
wide.  151  inches  high,  and  26 J 
inches  long;  weighs  8.3  pounds;  and 
operates  on  120  v,  60-cycle,  single 
phase  power. 


•  Output:  35KV  •  25KVA  continuous  duty 
•  Corona-free  •  Vacuum— oil  filled 
•  Equipped  with  special  brackets  for  pole  mounting 
The  outdoor  potential  transformer,  a  new  member  of  the  well-known 
family  of  NWL  custom-built  Transformers,  is  made  to  fit  the  particular 
needs  of  the  user.  Each  Nothelfer  transformer  is  individually  tested  for  core 
loss,  polarity,  voltage,  corona,  insulation  breakdown  and  aging 
characteristics  and  must  meet  all  customer’s  requirements  before  shipment.' 
We  shall  be  glad  to  receive  your  specifications  and  quote  you  accordingly. 
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SAY:  NO-TEL-FER 


NOTHELFER  WINDING  LABORATORIES,  INC.,  P.  0.  Boi  455,  Dept.  E-7,  Trenton.  N. 

(Sptcialists  la  casttm-baildinc) 


PRODUCTION  TECHNIQUES 


Anvil  and  Die  Fasten  Contact  Barrel  to  Panel 


When  hydrotilic  pres*  is  used  (leh)  anTil  is  fixed  on  morinq  ram  and  die  is  on 
press  base.  Positions  are  rerersed  in  hand  method  as  hammer  is  used  to  strike  die 


Spring-loaded,  barrel-type  con¬ 
tacts  are  secured  firmly  to  insulat¬ 
ing  panels  with  a  ring  bulge  forced 
into  the  barrel  at  the  panel  surface. 
The  bulge  can  be  made  with  anvil 
and  die  on  a  hydraulic  press  or  with 
hand  tools. 

The  technique  described  was  de¬ 
vised  by  Kenneth  Steward,  an  elec¬ 
tronics  shop  leadman  at  Friden  Cal¬ 
culating  Machine  Co.,  San  Leandro, 
Calif,  It  is  considered  faster  than 
cementing,  which  formerly  was 
used.  The  mechanical  bond  also 


avoids  the  possibility  of  cement 
softening  during  soldering  or  foul¬ 
ing  the  contact. 

The  panel  is  drilled,  counterbored 
and  reamed  to  the  dimensions  of 
the  contact.  The  contact  is  placed 
in  the  panel  with  the  contact’s 
shoulder  up  and  lug  end  down.  The 
lug  end  is  placed  in  the  die  located 
on  the  base  plate  of  a  hydraulic 
press,  as  shown  in  the  diagram. 

The  anvil  is  located  on  the  mov¬ 
ing  ram  of  the  press.  It  presses 
on  the  shoulder  of  the  contact.  As 


pressure  is  applied  to  the  anvil,  it 
forces  the  contact  and  the  panel 
down. 

Fit  of  the  contact,  anvil  and  die 
is  held  to  close  tolerance  every¬ 
where  except  at  the  small  opening 
left  by  the  travel  of  the  die  stripper. 
Pressure  of  the  anvil  forces  a  mush¬ 
room  at  that  point  around  the 
barrel. 

When  the  press  anvil  returns  to 
its  rest  position,  the  spring  in  the 
die  housing  pushes  the  stripper  up. 
The  stripper  releases  the  contact 
and  panel.  The  die  and  anvil  may 
be  made  as  a  multiple  unit  when  it 
is  desirable  to  handle  more  than 
one  contact  at  a  time. 

Contacts  can  also  be  in.serted  in 
about  one  minute  when  the  anvil 
and  die  are  used  as  hand  tools. 

For  contact  replacement,  the  lug 
end  of  the  contact  is  first  broken 
off  the  panel  with  a  pair  of  long- 
nosed  pliers.  A  flat-no.sed  hand 
punch  slightly  smaller  in  diameter 
than  the  barrel  is  used  to  punch 
the  remainder  of  the  contact  out 
of  the  panel.  This  does  not  distort 
the  panel  holes. 

A  new  contact  is  fitted  in  the 
holes.  The  anvil  is  placed  on  a 
bench  or  other  firm  support.  The 
contact’s  shoulder,  now  on  the  un- 


DESIGN  TRENDS:  Precision  AC  Potentiometer 


Autotransionner  and  potentiometer  combination  yields  linear  roltaqe  dirision  orer  transformer  ranqe  while  maintaininq  hiqh  resolu¬ 
tion  and  low  output  impedance.  Transformer  handles  basic  Toltaqe  division  while  pot  Interpolates  in  Vernlstats  deslqned  by  Perkln- 
Elmer  Corp..  Norwalk,  Conn.  Potted  autotransformer  has  rhodium- plated,  flush  printed  commutator.  Potentiometer  action  is  illustroted 
at  riqht.  Resistance  element  mounted  on  planet  qear  is  a  360  deqree  windinq  with  3  taps  to  commutator  contacts.  Internal  tooth 
qear  has  1  qear  tooth  for  each  commutator  bar;  planet  qear  has.  1  less  tooth  and  is  mounted  on  eccentric  hub.  Planet  qear  precesset 
by  1  tooth  for  each  turn  of  shaft,  so  that  resistance  unit  switches  sequentially  alonq  commutator.  To  riqht  of  planet  qear  is  potentio¬ 
meter  wiper,  slip  rinq  and  stop  assembly.  Wiper  and  slip  rlnq  are  mounted  on  contact  disk.  Stops  are  pile  of  washers;  luminq  is 
stopped  by  pins  in  housinq  and  on  eccentric.  Modifications  allow  device  to  become  a  non-linear  function  qenerator.  Applications 
include  servo  systems,  computers,  quidance  and  control,  iliqht  simulators 
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ANNOUNCING... 

the  newest  addition  to  the  Delco 
family  of  PNP  germanium  transis¬ 
tors!  It’s  ideally  suited  for  high¬ 
speed  switching  circuits  and  should 
find  wide  use  in  regulated  power 
i  supplies,  square  wave  oscillators, 

I  servo  amplifiers,  and  core-driver  cir- 

I  cuits  of  high-speed  computers.  It’s 

the  2N553! 

NEW  HIGH-FREQUENCY  POWER  TRANSISIDR  GY  DEICO 

No  other  transistor  o  ffers  so  desirable  a  combination  of 
characteristics  for  applications  requiring  reliability  and 
consistency  of  parameters. 


TYPICAL  CHARACTERISTICS  T  =  25’C  unless  otherwise  specified 

Collector  diode  voltage  Vd . 80  volts  maximum 

(Ve,=  -1.5  volts) 

Emitter  diode  voltage  Vu . 40  volts  maximum 

(Vc,  =  -1.5  volts) 

Collector  current . 4  amps,  maximum 

Base  Current . 1  amp.  maximum 

Maximum  junction  temperature . 95  C 

Minimum  junction  temperature . — 65  C 

BRANCH  OFFICES 

Newark,  New  Jersey  Ssnts  Monira.  Calirornla 

IIHO  Raymond  Boulevard  72(  SanU  Monira  Boulevard 

Tel:  Mitrhell  2-SI65  Tel:  Eibrook  3-1465 


Collector  diode  current  Ico  (Vci  =  2  volts) . 12 

Collector  diode  current  Ico  (Vci  =  -60  volts) .  0.5  ma 

Collector  diode  current  Ico  (Vci  =  -30  volts,  75'C) . 0.5  ma 

Current  gain  (Vet  =  -2  volts,  U  =  0.5  amp.) .  55 

Current  gain  (Vet  =  2  volts,  U  =  2  amps.) .  25 

Saturation  voltage  Vtc  (l|  =  220  ma,  Ic  =  3  amps.) .  0.3 

Common  emitter  current  amplification  cutoff  frequency 

(Ic  =  2  amps.  Vtc  =  12  volts) . 25  kc 

Thermal  resistance  (junction  to  mounting  base) . r  C  watt 


riFIPn  RAIlin  D>Y>sion  of  General  Motors 

ULLuU  nnUlU  Kokomo,  Indiana 
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NOW 


•  •  • 


from  Victoreen 


COROHA  TYPE  HIGH  VOLTAGE 
REGULATORS  WITH  CURREHT 
CAPABILITIES  AHD  SLOPES 
HEVER  BEFORE  OBTAIHABLE 


1000 


2000  3000 

CURRENT (UA) 


4000 


5000 


Maximum  currents  to  4  ma 
Peak  currents  to  9  ma 
Regulation  to  1.5%/ma 
Voltages  from  400  to  3000 
9  pin  and  octal  base  tubes 
In  use  by  the  military 


Make  Victoreen  your  headquarter*  for 

high  voltage  regulation.  Send  for  Form  2022A  and 
Form  2023A  deKribing  the  GV6A  and  GV9A 
line  of  corona  type  voltage  regulators. 


See  os  at  WESCON,  Booth  1542 

The  Victoreen  Instrument  Company 

Componente  Division 
5806  Hough  Avenue  •  Cleveland  3,  Ohio 


GV9A 


1900 


2200 


2100 


GV3B 


2000 


GV6A- 

2000 


Setup  on  hydraulic  prei«  lor  lecurinq 
contact!  one  at  a  time 


Anvil  and  die  iorce  barrel  to  bulqe  at 
turlace  oi  iniulatinq  panel 


der.side  of  the  panel,  l.s  placed  on 
the  anvil. 

The  die  is  placed  over  the  luy  end 
and  Riven  a  lijrht  blow  with  a  ma¬ 
chinists’  hammer,  secuririR  the  con¬ 
tact. 


Lead  Powder  Connects 
Superconducting  Film 

lly  J.  A.  Kl  RTZ. 

lutt-riiational  Maohliii'N  Corp., 

I’ouKhkct-pslf,  N.  Y. 

SUPERCONDITTINC.  Connections,  with 
zero  resistance,  are  retjuired  in 
cryogenic  circuits.  A  supercon¬ 
ductor  can  be  driven  into  the  nor¬ 
mal  state  when  the  magnetic  field 
of  the  current  passing  through  it 
exceeds  the  critical  magnetic  field 
of  the  metal.  A  wire  will  lo.se  its 
superconducting  properties  if  it  is 
connected  to  a  film  at  one  small 
point  only. 

The  usual  methods  of  making 
superconducting  electrical  connec¬ 
tions  are  not  satisfactory  when  the 
gate  of  a  cryotron  is  a  film  of  tin 
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on  insulated  wire.  Flux,  heat,  or 
chemical  action  destroys  the  film. 

Satisfactory  connections  may  be 
made  with  compressed  lead  powder 
of  the  finest  commercial  size.  The 
lead  is  compressed  in  a  cavity  in 
which  the  film,  on  its  wire  ba.se,  is 
in.serted.  External  leads  are  usu¬ 
ally  solder-coated  copper  wires. 


Pluq  conlaialnq  cryotron  goto,  oxtomal 
load  and  load  powdor.  Hoad  oi  crimp¬ 
ing  tool  U  shown  abooo 

One  such  method  u.ses  a  spe- 
rtally-prepared  Aircraft  Marine 
Products  plug  smoothed  out  inside 
and  covered  with  solder.  A  solder- 
coated  wire  is  .soldered  to  the 
tapered  end.  The  wire  liearing  the 
film  is  inserted  in  a  small  hole 
drilled  in  the  other  end  of  the  plusr. 

The  cavity  is  filled  heaping  with 
lead  powder  and  compressed  with 
a  hand  crimper  until  the  lead  ap¬ 
pears  solid,  providing  a  continuous 
superconducting  path  between  the 
solder-coated  wire  and  the  wire 
bearing  the  film. 

A  second  method  reduces  the 
strain  on  the  film  by  supporting  the 
wire  on  a  plastic  base  which  re¬ 
mains  permanently  attached.  Pow¬ 
dered  lead  is  put  into  cavities  at  the 
ends  of  the  base.  The  wire  bearing 
the  film  is  inserted  through  slots. 
External  leads  are  inserted  in  holes 
in  the  front  of  the  base.  A  punch 
with  5,000  psi  pressure  compres.ses 
the  lead  powder. 

Flexing  the  ba.se  wire  can  cau.se 
the  film  to  fracture.  This  is  a  di.s- 
advantage  of  the  first  method,  not 
so  much  of  the  second. 

The  critical  current  of  an  as.sem- 
bly  is  the  current  which  causes  a 
voltage  to  appear  across  the  speci¬ 
men.  To  teat  connections,  current 
and  voltage  leads  are  attached  to 
the  external  leads.  A  voltmeter  of 
10  microvolts  full  scale  deflection 
is  used  to  determine  the  appearance 
of  voltage  across  the  sample. 

The  lead  powder  technique  pro- 


on&tfim  Potte/t  Fiwt 


THE 

NEW  POTTER  "909’ 


Now 


a  device  that  READS  and 
STOPS  faster,  better 


compact  *909'  Perforated  Tape  Strip  Reader  now  makes  it  possible 
to  process  information  from  perforated  tape  into  digital  data  computer 
systems  at  high  speed  and  low  cost.  Simple  to  operate  by  clerical  personnel, 
the  *909’  is  completely  transistorized,  and  will  give  maximum  performance 
with  complete  reliability. 

The  *909’  is  a  compact  unit,  suitable  for  console  or  rack  mounting.  Here 
are  some  of  the  performance  features,  available  for  the  first  time  in  equipment 
of  this  type: 

•  Character  reading  speeds  up  to  1000 

.  fipteiiitalim 

•  3  Millisec  starting  time  Speed: 

•  Stops  on  STOP  Character,  (0.2  millisec)  inn 

and  will  read  next  character  after  start  ” 

•  100  X  10*  operation  pinch  roll  Tape  Width: 

•  Photo  Diode  Head  reads  any  upe  (in-  Any  Standard  Width 

eluding  oiled  yellow  teletype  tape)  Requlremeou: 

' 

•  Ambient  temperature  up  to  125*  F.  with  Control: 

10,000  hour  life  Remote/Level  Inputs 

•  Built  to  meet  requirements  of  MIL-E- 
4158A 

Contaet  your  Poller  represenlalhe  or  call 
^  ^  or  urile  direci  for  furlher  informalioo. 

POTTER  INSTRUMENT  COMPANY,  INC. 

'  ^  ^  Sunnyside  Boulevard,  Ploinview,  N.  Y. 

The  m^rk  oi  OVerbrook  1-3200 

EmsimteriHg  Qmtlily 


Potter  has  career  opportunities  for  qualified  engineers  who 
like  o  chollenge,  and  the  freedom  to  meet  it. 


Tape  speed: 

10  to  100  ips 
Tape  Width: 

Any  Standard  Width 
Power  Requirements: 

115V,  60  Cycle,  1  Phase 
Control: 

Remote/Level  Inputs 


ELECTRONICS  engineering  edition  — July  4,  1958 


CIRCLE  S2  READERS  SERVICE  CARD 


F.M.  Deviation  Measurement 
Wide  Deviation - 
High  Carrier  Frequency 


MARCONI  DEVIATION 
METER  MODEL  928  CAN 
BE  USED  AT  CARRIER 
FREQUENCIES  UP  TO 
500  me  FOR  DIRECT 
MEASUREMENT  OF  DE¬ 
VIATIONS  UP  TO  400  kc. 


DEVIATION  METER 
MODEL  928/2 

is  an  alternative  narrow- 
deviation  model  arrang¬ 
ed  for  use  at  carrier 
frequencies  between  215 
and  265  me. 

Please  send  for  leaftet  Bt32  B 


ABRIDGED  SPECIFICATIONS  928:—  carrier  frequency:  20-100  me 
(fundamental),  up  to  500  me  using  harmonics,  frequency  deviation;  O-IOO 
kc,  0-200  kc;  0-400  kc  in  the  mod.  frequency  range  50  cps — 120  kc.  accuracy: 
t.3%  R.F.  INPUT  range:  55  mV  — 10  V.  92812:  —  As  above  except  for  the 
following; — CARRtER  frequency;  215 — 265  me.  frequency  deviation:  0-15  kc, 
0-50  kc,  0-150  kc. 


MARCONI 

INSTRUMENTS 


TlWcottl 
jot  J.W. 


III  CEDAR  LANE  ENGLEWOOD  NEW  JERSEY  Tel:  LOwcll  7-0607 
CANADA:  CANADIAN  MARCONI  CO  '  MSS  COTE  DE  LIESSE  ■  MONTREAL  » 
MARCONI  INSTRUMENTS  LTD  *  ST.  ALBANS  ■  HERTS  *  ENGLAND 


vides  critical  currents  as  high  as 
1  amp  with  films  of  soft  metals  like 
lead  and  tin.  Critical  currents  of 
only  5  milliamps  resulted  when 
hard  metal  wires  of  tantalum  and 
niobium  were  used,  presumably  be¬ 
cause  the  lead  particles  could  not 
penetrate  the  harder  surface 
layers. 


Punch  la  uaaj  whan  connection  it  mad# 
in  plastic  support 

Plastic  Tube  Extends 
Control  Parts  Shafts 

Plastic  extension  shafts  are  used 
by  television  receiver  manufactur¬ 
ers  so  that  variable  control  parta 
may  be  mounted  on  the  main  chaa- 
sis  without  requiring  long-shaft  po¬ 
tentiometers. 

A  crack-resistant  polyethylene, 
Aeroflex-P,  is  recommended  by 
Anchor  Plastics  Co.,  Long  Island 
City,  N.  Y.,  as  shaft  material  for 
automatic  gain  control  and  vertical 
hold  potentiometers. 

One  end  is  forced  over  the 
knurled  metal  shaft.  The  outside 
end  flattens  after  an  identifying 
tag  is  placed  in  the  pliable  tube. 
Flattening  of  the  shaft  end  or 
fluting  the  outside  of  the  tubing  fa¬ 
cilitates  turning  without  a  knob. 

“On-ofT”,  “brightness”,  “con¬ 
trast”  and  “volume”  controls, 
which  require  knobs,  are  made  of 
linear  polyethylene  which  main¬ 
tains  sufficient  rigidity  after  the 
receiver  has  heated  up.  F'lutings 
are  mated  with  the  metal  shaft 
knurl.  A  flare  simplifies  blind  as¬ 
sembly  of  external  knobs. 

Nylon  shafts  are  u.sed  for  width 
controls.  Ferrite  core  coils  require 
more  turning  force  than  other  var- 
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Now  Measure 


iable  controls.  One  end  of  these 
shafts  are  threaded  to  fit  the  metal 
shafts. 

Plastic  shafts  are  not  recom¬ 
mended  for  curved  extensions. 
The.v  would  tend  to  set  in  their 
bent  positions,  subsequently  caus- 
intr  uneven  operation  of  the  control. 

Foot-operated  Vise 
Tool  Seats  Grommets 

\’ISE-LIKK  t*M»l  is  used  to  seat  elec¬ 
trical  grommets  without  damaKe 
in  the  electrical  manufacturinK  de¬ 
partment  of  Convair,  Fort  Worth, 
Texas.  The  tool  was  desiffiied  by 
John  V’.  Crotty,  a.ssi.stant  project 
enjrineer. 

Previously,  humidity,  vibration 
and  cable-clampinjr  grommets  were 
forced  into  their  .seat  by  hand. 
There  were  many  rejec-tions  due  to 
insulation  and  grommet  damage. 


from  100  microvolts  to  320  volts 
REGARDLESS  OF  WAVEFORM 
with  the  Ballantine  Model  320  Voltmeter 


REPRESENTING: 


A  distinctly  new  departure  in  VTVM  design. 


FEATURING: 


A  built-in  calibrator;  —  easily  read  5-inch  log 
meter;  —  immunity  to  severe  overload;  —  use¬ 
ful  auxiliary  functions. 


BRIEF  SPECIFICATIONS: 


VOITACC  RANGE: . tOO  microvolts  to  320  volts 

OECiail  RANGE;... . —80  dbv  to  -50  dbv 

FREQUENCY  RANGE: . 5  to  500,000  cycUs  p*r  second 

ACCURACY . 3%  from  15  cps  to  150KC;  5%  elsewhere 

Figures  opply  to  all  meter  readings 
MAXIMUM  CREST  FACTORS;  5  at  full  scale;  15  at  bottom  scole 
CALIBRATOR  STABILITY:  .0.5%  for  line  variation  105-125  volts 
INPUT  IMPEDANCE;. . .  .10  Ma  ond  25  upf,  below  10  millivolts 
10  Ma  and  8  ppf,  above  10  millivolts 

POWER  SUPPLY: . 105-125  volts;  50-420  cps,  75  wott 

Provision  for  210-250  volt  operation 

DIMENSIONS:  (Portable  Model) . \*W  wide,  10'/«"  high, 

12H‘*  deep  — Relay  Rock  Model  is  ovoiloble 

^WEIGHT: . 21  lbs.,  opproximolely 

PRICE;  $425 


.Write  for  the  New  Ballantine  Catalog  describing  this 
and  other  instruments  in  greater  details. 


Operator  has  both  hands  free  lo  line  up 
connection.  Wiring  harness  ills  Into  paral¬ 
lel  metal  plates 


The  new  tctol  ItMtk.s  like  a  ftntt- 
operated  vise.  The  back  jaw  i.s  a 
movable  fiat  metal  surface  padded 
with  a  sheet  of  rubber.  The  front 
jaw  is  a  group  of  parallel  metal 
plates  which  accommodate  .A.V  con¬ 
nector  grommet  sizes. 

Connectors  are  prepared  in  the 
usual  manner.  The  operator  threads 
conductors  through  the  grommet 
and  .solders  them  to  their  respective 
solder  pots  in  the  connector. 

The  back  connector  is  placed 
against  the  face  of  the  back  jaw. 
The  wiring  harness  is  fitted  into 
the  plates  of  the  front  jaw.  The 
grommet  rests  against  the  inside 
of  the  front  jaw. 

While  the  operator  holds  the 
parts  in  place  by  hand,  the  vi.se  is 
closed  with  steady  foot  pre.ssure. 
The  grommet  is  forced  to  seat 
smoothly  on  the  connector. 


LABORATORIES, INC. 


BALLANTINE 


100  FANNY  ROAD,  BOONTON,  NEW  JERSEY 
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NEW  PRODUCTS 

Market  New  Transducers 


(1)  Engdahl  Enteqirises,  triaxial  accclcroinctcr,  (2)  Cicnisco,  Iiic.,  a-c  accelerometer.  (^)  Coiiipiiter  Iii- 
stniinents,  pressure  transducer.  (4)  MB  Mfg.  Co.,  vibration  picku|).  (5)  Ci.  M.  C>ianuini,  oil-filled  pres¬ 
sure  transducer.  (6)  Bourns  Laboratories,  miniature  pressrrre  transducer 


High  acceler.m  ions,  vibrations  and  pressures  are  the  rule  rather  than 
exception  in  today’s  space  age.  Stricter  demands  continue  to  1k’  placed 
upon  the  input  signal  transducer— primary  detector  in  telemetering 
systems.  Here  arc  some  recently  announced  transducers. 

F.ngdahl  Enterprises,  226  San  .\ntonio  Rd.,  Arcadia.  Calif.,  (200) 
reports  a  new  triaxial  recording  accelerometer.  It  senses  and  records  data 
for  plotting  acceleration  vs  time  under  extremely  rigorous  conditions, 
riie  self-contained  unit  will  record  from  2s0  to  10,000  g. 

Now  available  from  Geiiisco,  Inc.,  2233  Federal  Ave.,  l-os  .\ngelcs, 
Calif.,  (201)  is  the  G.\H  a-c  accelerometer,  a  medium-high  natural 
frequency  instrument  with  a  \ariahle  transformer  pick-off.  It  is  avail¬ 
able  in  ranges  from  ±0.1  g  to  ±20  g. 

Computer  Instruments  Corp.,  92  Madison  .\vc.,  Hempstead,  L.  I., 
N.  Y.,  (202)  announces  the  series  1,000  precision  pressure  transducers 
which  provide  an  electrical  voltage  output  as  a  function  of  applied 
presssurc  with  high  accuracy.  I  he  unit  occupies  one  cu  in.  of  space. 

In  production  at  MB  Mfg.  Co.,  P.O.  Box  1825,  New  Haven,  Conn., 

(203)  is  a  new  magnetically  damped  hpc  128-1  vibration  pickup.  It  is 
suitable  for  use  in  measuring  vibratory  motions  with  up  to  ±5  g 
unidirectional  steady  acceleration  superimposed,  with  little  change  in 
sensitivity  over  —65  to  -(-250  F. 

C.  M.  Ciannini  &  Co.,  Inc.,  918  E.  Creen  St.,  Pasadena  1,  Calif., 

(204)  offers  transducers  designed  for  noncorrosive  gas  or  liquid  pressure 
measurement  within  the  ranges  of  0-100  psi  to  0-6,000  psi  differential 
or  gage,  and  0-100  psi  to  0-1,000  psi  absolute. 

Model  470  miniature  absolute  pressure  transducer  may  be  had  from 
Bourns  Laboratories,  Inc.,  P.O.  Box  2112,  Riverside,  Calif.  (205).  It 
has  extremely  low  vibration  error  and  noise-free  operation  at  25  to  35  g. 
Signal  error  is  less  than  0.1  percent  at  25  g  up  to  2,000  cps. 


For  more  information  use  READER  SERVICE  Card 


Millivolt  Source 
portable  unit 

W'ksiromcs,  Inc.,  3605  McC.irt 
St.,  I't.  Worth,  Texas.  A  new 
millivolt  source  finds  application 
in  the  calibration  of  various  record¬ 
ing  and  other  millivolt  instruments. 
It  features  two  ranges  of  0  to  10 
and  0  to  100  m\;  the  calibrated 
dial  can  be  read  to  three  places. 
4'he  instrument  remains  within 
0.25  percent  accurate  over  a  reason¬ 
able  |X'riod  of  time.  I'hc  unit  is 
extremch  jiortablc  and  may  be 
used  in  applications  where  a  large 
potentiometer  instrument  is  nn- 
wicldv.  Circle  206  on  Reader 
Scrsice  C'ard. 

(Ca)iitiiiiifd  on  page  98) 
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Available  in  clearer  colored  plastics . . .  brass  or  steel 
in  all  standard  finishes . . .  embossed  and  enamel- 
filled  or  molded  to  show  company  insignia  or  other 
identification  symbols  . . .  Dot  plug  buttons  snap 
into  place  and  stay  where  they’re  put  even  under 
conditions  of  extreme  vibration.  Yet  they  can  be 
removed  and  replaced  repeatedly  without  damage. 


CARR  FASTENER  COIVIPANY 

DIVISION  OF  UNITED. CARR  FASTENER  CORPORATION  31  Ames  Street,  Cambridge  42,  Massachusetts 


MAKERS  OF 


FASTENERS 


Dot  plug  buttons  were  originally  used  in  auto¬ 
mobiles  to  fill  spaces  on  standard  models  which, 
on  de  luxe  models  would  be  occupied  by  such 
extras  as  cigarette  lighters,  radio  controls  and  so 
on.  They  are  now  also  widely  used  as  lenses 
for  indicator  lights  and  as  identification  buttons 
on  instrument  and  control  panels  of  all  kinds. 
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Prongs  snap  into 
punched  or  drilled  hole 


CUSTOM-DESIGNED  AND  MASS  PRODUCED 
TO  YOUR  PARTICULAR  REQUIREMENTS 


/ 


Jb  the  talented 
engineer  and  scientist 

APL  OFFERS 
GREATER  FREEDOM 
OF  ACTIVITY 


APL  has  responsibility  for  the  technical  direction 
of  much  of  the  guided  missile  program  of  the 
Navy  Bureau  of  Ordnance.  As  a  result  staff  mem¬ 
bers  participate  in  assignments  of  challenging 
scope  that  range  from  basic  research  to  prototype 
testing  of  weapons  and  weapons  systems. 

A  high  degree  of  freedom  of  action  enables 
APL  staff  members  to  give  free  rein  to  their 
talents  and  ideas.  Thus,  professional  advance¬ 
ment  and  opportunities  to  accept  program  re¬ 
sponsibility  come  rapidly.  Promotion  is  rapid, 
too,  because  of  our  policy  of  placing  professional 
technical  men  at  all  levels  of  supervision. 

APL’s  past  accomplishments  include:  the  first 
ramjet  engine,  the  Aerobee  high  altitude  rocket, 
the  supersonic  Terrier,  Tartar,  and  Talos  missiles. 
Presently  the  Laboratory  is  engaged  in  solving 
complex  and  advanced  problems  leading  to  future 
weapons  and  weapons  systems  vital  to  the  na¬ 
tional  security.  Interested  engineers  and  physi¬ 
cists  are  invited  to  address  inquiries  to: 

Professional  Staff  Appointments 


The  Johns  Hophins  University 
Applied  Physics  Laboratory 

8609  Georgia  Avenue,  Silver  Spring,  Maryland 


V-R  Tube 
7-pin  miniature 

Radio  Corp.  or  Amkrica,  Harri¬ 
son.  N.  J.  The  OC2  is  a  cold-cath¬ 
ode.  glow-discharge  soltage-regula- 
tor  tiilK-  of  the  7-pin  miniature 
type.  It  was  de\elojx,d  for  use  in 
applications  where  a  relatisely  con¬ 
stant  d-c  output  soltage  across  a 
load  must  lx‘  maintained  despite 
load  current  and  moderate  line- 
voltage  variations.  In  such  applica¬ 
tions.  the  ()C2  will  snpplv  a  reg¬ 
ulated  voltage  of  approximatelv  7s 
V  at  d-c  cathode  currents  within  the 
range  of  s  to  sO  ma.  Circle  207  on 
Reader  Service  Card. 


Stability  Tester 
for  microwave  use 

Laboratory  For  Fi-KCI  ronk;s. 
Inx.,  7?  Pitts  St..  Boston  14,  Mass. 
Model  sOOO  microwave  stahilitv 
tester  is  composed  of  two  units:  a 
power  snpplv  with  a  plug-in  r-f  head 
and  an  indicator.  It  measures  drift 
and  f-in  in  frequency  bands  Ix-tween 
10  me  and  10,800  me  .  .  .  will 
measure  these  same  parameters  at 
30  me  and  50  kc  to  70  kc.  All  infor¬ 
mation  is  presented  on  two  large, 
easy-to-rt“ad  meters  which  are  cali¬ 
brated  to  read  peak  f-m  dev  iation  in 
cps  and  drift  in  kc.  Model  3009  is 
useful  in  all  types  of  high  frequency 
electronic  manufacture  as  well  as 
other  areas  where  stability  must  be 
measured.  Outputs  may  be  viewed 
on  an  oscilloscope  giving  it  many 
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npplications  as  a  test  instrument  in 
researeli  anti  clevelopinent.  Circle 
208  on  Reader  Scrsicc  Card. 


Precision  Pot 
size  30 


C'.r.oRGi  Rati  RAY  and  Co..  116-08 
Mvrtle  .\ve..  Richmond  Hill  IS, 
N.  ^  announces  iikkIcI  ^00  pre 
tision  |)ot.  Resistances  in  excess  of 
ZSs.OOi)  ohms  and  resolutions  Ixt- 
ter  than  0.2  ixrcent  are  attainable. 
Linearities  of  0.07  s  percent  can  lx* 
provided  in  production  qnantitic's. 
.\s  nianv  as  1 5  sections  can  lx 
ganged  to  a  single,  rigid  shafr.  Up 
to  2  s  taps  can  lx  provided  per  sec¬ 
tion.  Circle  209  on  Reader  Serxice 
('ard. 


We’ll  see  you  at  the  llVsron  Shotc,  Booths  il2  &  i33. 


MIUAMPRB 

).  MniliBrw 


Ready,  as  a  “building-block”  for  your  system  application ...  Hallamore 
Model  0162,  phase-lock  discriminator,  a  compact  plug-in  type  unit,  has 
been  thoroughly  proven  in  telemetering  systems  of  major  missile  programs. 
Designed  around  a  concept  entirely  new  to  telemetry,  it  eliminates  signal 
suppression  by  noise... non-linearity  as  a  result  of  filtering... thresholding, 
common  at  low  signal-to-noise  levels.  For  quick  action,  wire  Hallamore 
Electronics  Qimpany,  Dept.  24P,  8352  Brookhurst  Avenue,  Anaheim, 
California  /  TWX :  AH-9079. 


Panel  Instruments 
high  readability 

Gknkrai.  Ki.i-ctric  Co.,  Schcncc- 
fadv  S,  N.  Y..  amionnccs  a  new  line 
of  small  panel  instruments  in  2i  in. 
and  si  in.  sizes  for  both  a-c  and 
d-c  measurements.  .Ml  types  base 
longer  scales  vet  will  fit  into  the 
s;nne  panel  space  as  conventional 
equipment.  I'o  achieve  the  units’ 
high  degree  of  readability,  GK  en¬ 
gineers  simplified  scale  graduations, 


mO  HALLAMORE 

ELECTRONICS 

COMPANY 

Engineers... for  ideal  working 
conditions  with  a  dynamic,  creative 
organization,  address  resume  to 
Chief  Engineer. 

a  division  of  The  Siegler  Corporation 


Forerunner  in  System  Development 
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Metei  Reads  Exact  Frequency 
When  Using  AIRPAX  MAGMETER 


used  a  tapered  pointer  and  specified 
big  upper  case  numerals  which  arc 
positioned  aboxe  the  graduations. 

new  moving-magnet  design  is 
used  in  all  d-c  ratings,  except  am¬ 
meters  below  S  ma.  'lliis  eliminates 
zero  set.  .\11  instruments  are  accu¬ 
rate  within  2  percent  of  full 
scale  value.  Circle  210  on  Reader 
Service  Card. 


is  used  for  direct  frequertcy  indications 
or  for  servo  frequency  control.  Because 
of  its  stability,  the  Magmeter  detector 
simplifies  telemetering  equipment  and 
automatic' generator  controllers.  It  is 
excellent  for  constant-speed  servos.  It 
requires  no  reference. 


Output  current  of  Airpax  Magmeter  detector  T3rpe 
F-5132  is  directly  proportional  to  frequency  deviation. 
Response  is  rapid.  Detector  can  be  used— 

(1)  to  display  frequency  directly  on  a  panel  meter, 

(2)  to  record  frequency  on  a  chart  recorder,  or 

(3)  to  control  generator  through  follow«up  loop. 


D*C  Power  Supply 

silicon  unit 

Gates  Electronic  Co.,  2090 
Barnes  .\vc.,  Bronx  62,  N.  Y.  .\ 
new  regulated  silicon  d-c  power 
supply  features  magnetic  amplifier 
control  with  ferromagnetic  overload 
protection  circuit,  armplctcly  elim¬ 
inating  one-time  fusing  normally  as¬ 
sociated  with  silicon  units.  Ratings 
are:  input,  115  v;  single  phase  60 
cycles  a-c;  output  5-30  v  40  amperes 
d-c.  Regulation  is  percent,  rip¬ 
ple  1  percent.  Circle  211  on  Reader 
Service  Card. 


n 


Rheostat 

fine  adjustment 

'I’he  Superior  Electric  Co., 
Bristol,  Conn.  Mikrohm  rheostats 
of  the  310  scries  are  ideal  for  appli¬ 
cations  requiring  low  resistance 
controllers  having  infinitely  fine  ad¬ 
justment  characteristics.  The  non- 


100 


CIRCLE  St  READERS  SERVICE  CARD 


July  4,  1958  —  ELECTRONICS  engineering  edition 


MAItlK 


TiT4T‘ 


Matrix  Board 
aids  computer  design 

'rKCUNiyi'is.  i2  l.ickson  Avc., 

I  lacU’Dsack.  \.  ).  No.  M-22.\  cx- 
paiulcci  matrix  Iroard  is  aimomKcd. 
Over  100  resistors,  capacitors,  aiul 
otlier  circuit  elements  can  Ik- 
monnted  on  tins  pe  22  terminal 
pIng-in  hoard.  Two  sided  hoard 
prov  ides  a  total  of  944  jjossihle  eon- 
neetions  to  a  dual  p-e  reeeptaele. 
Material  is  XXXI’  laminate,  one 
onnee  copper,  two  sides.  Overall  di¬ 
mensions  are  5J  in.  In  4  m.  In  i‘« 
in.  Circle  213  on  Reader  Service 
Card. 


Linear  Motion  Pot 
has  floating  shaft 

Boi'rns  1..\bor,\ torus,  Inc;.,  I’.O. 
Box  2112.  Riverside.  Calif.  Minlel 


TRANSFORMER 

model  DT'45 


The  original  concentric  dial  precision  decade  ratio  trans¬ 
former  voltage  divider  for  panel  mounting.  A  three 
decade  ratio  transformer  and  an  interpolating  potentio¬ 
meter  provide  5  place  readings  of  voltage  ratio  in  one 
convenient  straight-line. 


FREQUENCY  RANGE:  50  cycles  to 
10  kilocycles. 

ACCURACY:  ±(0.001%  plus  1  dial 
division)  below  3  kilocycles. 

RESOLUTION:  Continuous  (10  ppm 
per  dial  division). 

MAX.  INPUT  VOLTAGE:  0.35  Xf 
in  cps  (350  v  max.). 

MAX.  OUTPUT  IMPEDANCE:  Ap¬ 
proximately  2  ohms  resistance  in 
series  with  75  microhenries  . 

PRICE:  $275.00 


ELECTRO- MEASUREMENTS,  INC 

7524  S.  W.  Macadam  Avenue  •  Portland  19,  Oregon 
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Prebiiu  Outer  Space-lxcilmg 
LON^NGE  PROSPEaS  for 
ENcmEERS  ond  SCIENTISTS 

Openings  Exist  in  the  Following  Areas: 

f  /  ENSIGN  AND  DEVELOPMENT 

f  I  One  o£  the  most  important  programs  at  Cubic  includes  the 

jf  /  /  design  and  development  of  electronic  tracking  equipment 

/  /  for  the  major  Air  P'orce  missile  test  centers.  Erjuipment  in- 

/  /  eludes  Range  Safety  and  Long  Range  Tracking  instrumenta- 

/  /  tion.  Developmental  programs  entail  Satellite  Tracking  and 

/  /  Earth  Surveying. 

/  /  NEW  PRODUCT  DEVELOPMENT 

I  /  For  several  years.  Cubic  Engineers  have  recognized  the 

I  /  importance  of  the  development  of  Transi.storized  Digital 

I  V'oltmeter  Systems  and  Liiboratory  Test  Equipment.  Pres- 

I  ently,  they  are  pioneering  in  the  development  of  Power 

I  Measuring  techniques  and  Microwave  instrumentation.  Our 

I  Engineers  have  led  the  way  in  the  complete  transistoriziition 

of  test  equipment. 

FIELD  ENGINEERING 

The  Cubic  program  is  long-range,  but  some  of  our  needs  are 
immediate.  At  the  present  time  we  require  additional  field 
personnel  for  supervisory  and  project  assignments.  Current 
field  installations  are  at  Patrick  Air  Force  Base,  Camp 
I  Cooke,  Eleuthra,  Ascension  and  the  Grand  Bahamas. 

\  Opportunities  at  Cubic  are  unlimited  .  .  .  our  Engineers 

\  \  receive  top  salaries  and  generous  benefits.  We  have  the 

\  \  finest  facilities  .  .  .  and  our  future  is  expanding.  Ability 

\\\  reaches  the  spotlight  quickly  under  our  “growing-company” 

\  \  \  project  system. 

\  \  \  If  you  are  a  specialist  in  one  of  the  alwve  areas,  contact: 

\  \  \ 

\  \  \  5575  Kaarny  Villa  Rood 

\\\  San  Diego  11,  Calif. 

\\  \  *  BRowning  7  6780 


w  b  i  c 

CORPORATION 


CUBIC  CORPORATION 

BS75  Kaarny  Villa  Road,  San  DIago  11,  Calif.,  Talaphona  BRowning  7-6780 


1 56  Align-O-Pot  has  a  floating 
shaft  which  permits  a  wide  area  of 
nuncnicnt  for  the  actuating  incni- 
lx.‘r.  'lluis,  iKiuling  loads  and  \i- 
bratorv  motion  on  the  shaft  arc 
eliminated.  Vibration  error  is  less 
than  resolution  at  1 5G  for  travels 
of  2i  in.  or  less  and  at  25G  for 
travels  from  2i  in.  to  4  in.  Single 
or  dual  potentiometer  outputs  are 
asailable.  in  resistance  values  of  I. 
2,  5,  lO,  20  and  50  K.  Operating 
temjxratures  range  from  —67  to 
4-221  F,  with  ranges  to  450  F 
available.  Acceleration  error  is  less 
than  resolution  at  100  G,  without 
noise.  Circle  214  on  Reader  Serv¬ 
ice  Card, 


Gear  Head  Motor 
for  missile  uses 

Wksikrn  Gk.ar  Cori’.,  P.O.  Box 
182,  Lvnwood,  Calif.,  has  designed 
a  new  miniaturized  gear  head  motor 
for  missile  application.  It  is  de¬ 
signed  to  withstand  7,500  G's  of 
shock.  It  o|xratcs  on  28.5  to  51. S 
V  d-c  developing  1,000  oz.  in.  of 
torque  at  —65  C.  Output  shaft  has 
a  rotation  speed  of  1.5  rpm.  The 
motor  meets  \IlI,-F,-5272  specifi¬ 
cations.  Circle  215  on  Reader 
Service  Card. 


VHF  Multicoupler 
for  ground  or  air 

W'kstromcs,  Inc.,  5605  McCart 
St.,  Ft.  Worth,  Texas,  announces 
a  vhf  nuilticoupler  for  use  in 
ground  or  airborne  o|X‘ration  to 
couple  as  many  as  fi\e  receivers  to 
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one  antcniiii  with  niininuini  inter-  j 
action  and  loss  in  sensitisity.  I'rc-  j 
(incncv  range  is  from  90  to  200  me 
witli  maximnm  efficiency  and  from  | 
sO  to  200  me  with  reduced  effi-  j 
cienev.  I  he  unit  is  available  with 
a  ])lng-in  preamplifier  so  that  over¬ 
all  gain  from  input  to  each  of  the 
outputs  can  lx-  approximately  unity. 

I  he  multicoupler  finds  many  appli¬ 
cations  m  telemetering  and  other 
communic~ation  systems.  Circle 
216  on  Reader  Serv  ice  Card. 


Erase  Head 
low  power 

Miciiican  Mac.nkiics.  Inc..  Ver- 
montville,  Mich.,  announces  a  new 
low  power  erase  head,  the  tvpe  S, 
esjK-ciallv  suited  for  use  with  tran¬ 
sistor  circuitry.  With  hut  O.s  va 
current  ss  db  erasure  is  obtained. 
The  physic'al  structure  is  extremely 
thin  and  designed  to  permit  gang¬ 
ing  to  obtain  2-track  and  -t-track 
erasure.  .Mignment  of  ganged  units 
is  obtained  through  a  unupie  ball 
aiul  Kill  seat  arrangement.  Circle 
2 1 7  on  Reader  Service  Card. 


Recycling  Timers 
and  timer  kits 

IIkkhacii  &  Rahi-.m.an,  Inc.,  1204 
.\rch  St..  Philadelphia  7,  Pa.,  an¬ 
nounces  a  series  of  reev  cling  timers 
and  timing  kits  in  single,  double 
and  three  gang  assemblies.  Sjxeds  1 
varying  from  sO  cpm  to  1  rev/hr 
are  available.  I’eaturing  a  tugged 
115  v,  60  cycle  sync  motor  and 
spdt  15  amjxres  at  125  v  a-c 


From  General  Electric  .  .  . 

PLAIN  TALK  ON 
TANTALYTIC*  CAPACITOR 
AVAILABILITY 


frod^-mork 
of  Cewfol  ih€frk  Co. 


••Trodo-eiofk  pf 
Gooero/  flecffk  Co. 


It’s  time  for  plain  talk  on  the  facts  of  tantalum  electrolytic 
capacitor  availability.  Ther*  is  no  “availability”  problem 
as  far  as  General  Electric  is  concerned. 


Here’s  why: 

•  No  metal  shortage — Stocks  of  capacitor -grade  tan¬ 
talum  have  doubled  within  the  past  year. 

•  No  production  capability  shortage- -General  Electric’s 
production  facilities  have  tripled  in  the  past  year. 

•  No  delivery  bottlenecks — General  Electric’s  improved 
manufacturing  processes  and  techniques  have  virtually 
eliminated  production  rescheduling. 

•  Few  military  directive  priorities — Since  the  supply  of 
Tantalytic  capacitors  has  met  demand,  the  military 
requirements  can  be  met  without  directive  priorities. 

This  is  why  we  say — now  and  in  the  future.  General  Elec¬ 
tric  will  continue  to  provide  Tantalytic  capacitors  in  the 
types  and  ratings  you  want — when  you  want  them. 

For  specific  information  on  Tantalytic  capacitor  ratings, 
prices,  deliveries,  contact  your  nearest  General  Electric 
Apparatus  Sales  Office  or  write  to  General  Electric  Co., 
Srction  449-4,  Schenectady  5,  N.  Y. 


KSR**  TANTA. 
IVTIC  CAPACI¬ 
TORS — lor  ml*- 
tll««.  rodar,  air- 
born*  •l•clranl« 
•^uipmcnl  ap#ll- 
calioni — ralingt 
up  »a  3SOO  mM— 
Hiraa  caia  titat 
1.375,  3.  3.S  liKb- 
a«  la  halahl. 


tSC  TANTALYTIC  CAPACITORS 
— lar  appikaliant  ra^ulrlag  hlgli 
paallty  bul  urhara  lamparalurat 

ata  la«t  tavara. 


SOIID  TANTALYTIC  CAPACITORS 
— f«r  irmnthHfifd  circwll 

— fVlMl  tfp  !•  40  V«ltBp 

p«lar  vnita  •nly — «iiM  dpwm  H 
0.13S  IikKm  by  0.2S0  lncb*t. 

use  TANTALYTIC 
CAPACITORS 

•  ircraft  •l•<tr•flU 

•  yBl«i9iB  rvllfift 

10  ISO  mfd,  30  H 
100  v^IH.SIim  tP 

1  Vb  IncbM  In  bni^bi. 
Akn  Iwbwinf,  dnw*  M 
bk-entnd  nnllt. 
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CIRCLE  61  READERS  SERVICE  CARD 


advancement 
in  instrument 
design 


SEALED 
RUGGEDIZED 
PANEL  METERS 


The  "Orimne)" 
MIL-M-10304-A 
Instrumi'Di 


HERMETICALLY  SEALED  . . .  CLASS -TO -METAL 

MIL  2H'  (MR26)  and  MIL  3H’ 
(MR36)  sizes.  Also  1  Rugged- 
ized  and  4 Li*  Sealed  Models, 
ua,  ma,  amp,  mv,  volt,  KV,  AC 
rectifier  types  for  voltage,  decibel 
and  VU  measurement.  Standard 
ranges.  Bulletin  on  request. 
Marion  Electrical  Instrument  Co., 
Manchester,  N.  H.,  U.  S.  A. 

CopiTight  ©  I8S8.  MuIod 

marion 

’■wHcte  titcnomcs  Uttrs  thi  eve* 


meters 
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COMMERCIAL  2  WAT 
RADIO  MAINTENANCE  IS 
A  BIG  ROOMING  BUSI 
NESS  LICENSEES  PAY 
GOOD  MONET- USUALLY 
ON  A  CONTRACT  BASIS 
—  TO  PROPERLY  QUALI 
PICO  AND  EQUIPPED 
MEN 

IT  S  A  PERFECT  PART 
TIME  BUSINESS  FOR 
RADIO  ENGINEERS 
AND  CAN  PAY  YOU 
HUNDREDS  OF  DOLLARS 
EXTRA  A  MONTH! 


LRANN  MOmb 

contract* 

ao''o“KL?? 
"HOW  TO  MAKE 
money  IN 

mobile.raoio 
maintenance  ” 

usr  COUPON 
today 

fIMSr  CHOICE 


I.AMPKIN 
105-B  Frequency 
Melcr  $220.00 


I  AMPKIN 
^0?-A  FM  Muduliilion 
Meter  $240.00 


switches,  the  units  are  recom¬ 
mended  for  process  control,  life 
testing,  pulsing  flashing  and  num¬ 
erous  lab  applications.  Seventy-five 
standard  types  arc  available  from 
stock.  Circle  218  on  Reader  Sersicc 
Card. 


At  no  obligation  to  me  please  tend 
■•HOW  TO  MAKE  MONEY  IN 
MOBILE.RAOIO  MAINTENANCE”. 


City- 


LAMPKIN  LABORATORIES,  INC. 
Instruments  Div.,  Bradenton,  Fla. 


CIRCLE  63  READERS  SERVICE  CARD 


Capacitors 

for  printed  boards 

ViTR.VMON,  In’C.,  Box  544,  Bridge¬ 
port  1,  Conn.  'Fire  new  parallel 
series  capacitors  arc  ideal  for  printed 
board  applications.  They  arc  de¬ 
signed  with  both  leads  from  one 
small  face  and  a  lead  spacing  of 
0.2  in.,  making  possible  a  tiny 
mounting  area  of  d’l  in.  to  U  in. 
by  in.  and  capacitance  through 
1,000  /JL/it  at  100  V  d-c.  Designed 
for  automatic  insertion,  the  new 
capacitors  are  packed  for  cartridge 
feeding  in  production  lines.  Circle 
219  on  Reader  Service  Card. 


Wi rewound  Resistor 
in  seven  sizes 

BR.vDFORn  Components,  Inc.,  6S 
South  Ave.,  Salamanca.  Y.  I  he 
Blu-Ohm  scries  arc  for  the  more 
critical  needs  in  the  power  field  for 
precision  resistors  which  will  stand 
greater  temperatures  such  as  re¬ 
quired  bv  the  missile  program,  the 
computer  industry  and  other  uses 
where  prcsiously  dcseloped  types 
have  failed.  'I  hc  resistors  arc  con¬ 
structed  of  ceramic  materials  to¬ 
gether  with  specially  developed 


AN  INVITATION 
TO  JOIN  ORO 

Pioneer  In 

Operations  Research 


Operations  Research  is  a  young 
science,  earning  recognition  rapidly 
as  a  significant  aid  to  decision-mak¬ 
ing.  It  employs  the  services  of 
mathematicians,  physicists,  econo¬ 
mists,  engineers,  political  scientists, 
psychologists,  and  others  working 
on  teams  to  synthesize  all  phases  of 
a  problem. 

At  ORO,  a  civilian  and  non¬ 
governmental  organization,  you 
will  become  one  of  a  team  assigned 
to  vital  military  problems  in  the 
area  of  tactics,  strategy,  logistics, 
weapons  systems  analysis  and 
communications. 

No  other  Operations  Research 
organization  has  the  broad  expe¬ 
rience  of  ORO.  Founded  in  1948  by 
Dr.  Ellis  A.  Johnson,  pioneer  of 
U.  S.  Opsearch,  ORO’s  research 
findings  have  influenced  decision¬ 
making  on  the  highest  military 
levels. 

ORO’s  professional  atmosphere 
encourages  those  with  initiative  and 
imagination  to  broaden  their  scien¬ 
tific  capabilities.  For  example,  staff 
members  are  taught  to  “program” 
their  own  material  for  the  Univac 
computer  so  that  they  can  use  its 
services  at  any  time  tlKy  so  desire. 

ORO  starting  salaries  are  com¬ 
petitive  with  those  of  industry  and 
other  private  research  organiza¬ 
tions.  Promotions  are  based  solely 
on  merit.  The  “fringe”  benefits 
ofTered  are  ahead  of  those  given 
by  many  companies. 

The  cultural  and  historical  fea¬ 
tures  which  attract  visitors  to 
Washington,  D.  C.  are  but  a  short 
drive  from  the  pleasant  Bethesda 
suburb  in  which  ORO  is  located. 
Attractive  homes  and  apartments 
are  within  walking  distance  and 
readily  available  in  all  price  ranges. 
Schools  are  excellent. 


For  furttmr  mformalioii  write: 
PtoEoiwomW  Appomtmeeti 

OPERATIONS  RESEARCH 
OFFICES 

The  Johns  Hopkins  University 

eOSB  ARLINGTON  ROAD 
BETHESDA  14,  MARYLAND 
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The  "collapsifilKf  time"  concept  has 
taken  on  adda^ignificance  as  a  re¬ 
sult  of  the  cufii^t  international  situa¬ 
tion.  In  Tucsot^^rizona,  Hughes  has 
established  tlM  Tucson  Engineering 
Laboratory  fof^he  purpose  of  short¬ 
ening  the  elapped  time  between  miw 
site  development  and  its  effectivf 
tactical  use.  This  activity,  establishai 
over  2  years  ago,  has  proven  that  the 
quasi  simultan^us  development  and 
production  o4  missiles  can  become  e 
feasible  reality.  ^ 


Wida  rang*  of 
ihopot  and  tiz*t 


^  l-P<-  Nylon  molding 
t|>**dt  winding 


g  Irragulor  »hap*s 
and  spatial  matarials 
to  ordar 


jy  Accurala,  uniform, 
raody.for  us* 


NOW  Grias  ollart  a  wida  voriaty  of  nylon  coil  bobbins  y 
from  ilock.  AutomoticoHy  most  producad  ol  low  cost— raody  / 
for  us*.  Stock  sizas  from  Vt"  diomalar  x  Vk"  long  / 
minimum  up  to  Vt"  diomalar  s  f'%"  long— round,  squor*  / 
raclongulor,  oval  shapas.  Chack  Grias  for  your  ! 
bobbin  naadt— aithar  from  stock— or  to  your  siza,  j 
shops  and  moteriol  spacifications  on  spaciol  ordar  i 


Writ*  Today  for 
Spscification  Shaats 
and  Full  Information 


The  Tucson  ^Igineering  Laboratofy 
is  now  expanding  its  scope  of  opffa 
tions.  Mechanieel  Engineers.  Electri¬ 
cal  Engineers,  or  Physicists  who  like 
to  work  on  urgent  problems  and  \^o 
have  the  ability  and  enthusiasm  to 
cointantty  improve  the  product  and 
its  reliability,,  will  find  this  an  ideal 
'e^s  of  inter- 


151  ft««chwood  Ava.,  Naw  Rochalta,  N.  Y.  y  World's  Foramott  Producar 
NEw  Rochalla  3-SAOO  /  of  Small  Dia  Costings 
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est  include:  miasile  system  analyeh, 
infrared  and  radar  guidance  systeidS. 
electromechai^^l  and  hydraulic  cqn- 
trol  systems,  ag^  test  eqil%>- 

ment  electrc^tic  cdSuit  design,..^ 

'  V  rj. 

An  add4j  advantage:  Tucson’s  dry 
healthful  climate.  Investigate 
sending  resume  to  Mr.  W.  A.  Bari^ 


PRONG 

UPRIGHT 


PRONG 

UPRIGHT 


tin  H'est’s  leader  m  adi^tceJ  eUctronks 


Har*  ii  a  complal*  lln*  of  tub-miniolur*  alactrelytici  which  or*  aipaciolly 
datirobl*  for  low  voltog*  D.C.  circuitz. 

i  Advantogai  includo:  polanlad  conitructiont  harmatically-Malad)  immar-  i 
\  lion  proof)  axcallani  lif*  choroclariilici)  low  leokag*  curranli)  ibock  / 
\  and  vibration-raiiitant;  plui  many  othari.  / 

\  Availobl*  in  tubular  and  upright  typai,  at  illuitratad,  IlllNOIS  / 

\  SUB-MINIATURE  CONDENSERS  or*  idaal  for  application!  raquir-  / 

\  ing  minimum  tiz*  and  waight.  /* 

\  Writ*  for  now,  illuitratad  SMT  catalog.  j 


Tue»oN  BNOiNKeeiNd 

LAaOMATORICS  ^ 

Hughes  Aircraft  Company 
Tiuion,  Arizona 
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01 

"InllllMI  Uli 

JET  PROPULSION  LABORATORY 

A  DIVISION  Of  CAIIFOKNIA  INSTITUTt  OF  TtCHNOlOGV 
PASADENA  •  CALIFORNIA 


NOTABLE  ACHIEVEMENTS  AT  JPL 


alloy  wires  which  will  withstand 
high  temperatures,  'lliey  are  made 
ill  seven  sizes  from  2.5  through  15 
w.  Standard  tolerances  are  0.5  per- 
cx'nt  and  1  percent.  Circle  220  on 
Reader  Sersicc  Card. 


Curve  Tracer 
for  transistor  use 

Di'NN  F-NGINKFRINC  .\sS<){  I.\  I  I  s. 
Inc.,  225  O’Brian  llighwav.  C^nn- 
bridge41.  Mass.  Model  541  power 
transistor  characteristic  plotter  is  a 
compact,  general  purjxise  curve 
tracer  designed  for  use  with  both 
point-contact  and  junction  tran¬ 
sistors.  Its  many  uses  include  sup- 
plving  design  information  for  tran¬ 
sistor  circuits,  observing  transistor 
anomalies,  examining  transistors 
for  changes  or  deterioration,  check¬ 
ing  tolerance  of  transistors  and 
matching  or  comparing  transistors. 
It  furnishes  collector  currents  up  to 
6  amperes  in  continuous  service 
and  up  to  1 5  amperes  intermit¬ 
tently  and  produces  the  ra.  r„  and 
h„  families  of  curves  on  the  face  of 
an  auxiliary  oscilloscope.  Circle 
221  on  Reader  Service  Card. 


NEWS  FROM  OUTER  SPACE  VIA  EXPLORER  I  AND  III 


Since  the  successful  launchings  of  the  Explorer  I  and  III 
Satellites  under  the  joint  cooperation  of  the  Army  Ballistic 
Missile  Agency  and  JPL,  literally^  bales  of  information  on 
conditions  outside  the  earth’s  atmosphere  have  been  trans¬ 
mitted  earthward  from  both  satellites. 

This  information  on  cosmic  ray  activity,  micro-meteorite 
density,  and  radiative  heat  flux  is  providing  valuable  new 
and  accurate  data  of  immense  value  to  scientific  research. 
Explorer  III  with  its  more  sophisticated  instrumentation  is 
producing  more  complete  data  than  Explorer  I.  This  is 
partly  due  to  the  wider  range  of  altitudes  traversed  by  the 
orbit  of  Explorer  III,  but  principally  due  to  the  presence  in 
Explorer  III  of  a  tape  recorder.  Designed  by  Dr.  Van  Allen  of 
the  State  University  of  Iowa  it  is  no  larger  than  a  cigarette 
package  and  is  capable  of  transmitting  two  hours  of  col¬ 
lected  cosmic  ray  information  in  a  space  of  five  seconds. 

The  Laboratory  is  proud  to  have  been  chosen  by  the  U.  S. 
Army  to  spearhead  this  vital  activity  and  to  acknowledge 
the  highly  constructive  efforts  of  many  individuals  and 
organizations  who  have  cooperated  with  its  own  staff. 

CAREER 

OPPORTUNITIES 
NOW  OPEN  IN 
THESE  FIELDS 


Multiplexer 
sample-hold  type 

Kpsco,  Inc.,  588  Commonwealth 
Ave.,  Boston  15,  Mass.,  announces 
a  high-speed  eleetronie  sample-hold 
multiplexer,  model  EM-5  IS.  sys¬ 
tem  building  block  module  de¬ 
signed  to  provide  the  means  to 
more  feasible  data  control,  it  time 


ELECTRONIC,  MECHANICAL,  CHEMICAL,  AERONAUTICAL 
ENGINEERING  •  PHYSICS  AND  MATHEAAATICS 
U.S.  Citizenship  Required 
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uniformity 


THE  DANO  ELECniC  CO. 
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MINIATURIZED 

CARRIER  TELEPHONE  SYSTEMS 
FOR  RADIO  AND  4-WIRE  CABLE 


FOUR  OR  24  CHANNELS 


24^hann«l  carri^r-tolaphon*  ••rminal  cemplaf*  with  hybrid*, 
ringing  and  dialling  circuit*,  and  t**t  Eacilitia*.  Dim*n*ian*  arn 
5t"  high,  16"  wida  and  t"  daap.  Fawar  input  290  watt*.  Waight 
226  lb*. 


puts  I 

PERFORMANCE 

into  every  coil! 


RADIO  ENGINEERING  PRODUCTS 

1080  UNIVERSITY  ST.,  MONTREAL  3,  CANADA 

TELEPHONE  CABLES 

UNivariity  6>6Ba7  RAOENPRO.  MONTREAL 


NOW  AVAIIABLEI  Naw  20-paga  Dana 
illuilrotad  catalog  including  tachnical  coil 
da*igning  dolo. 


Two  miniaturized  voice*multiplex  system*  providing 
four  or  24  voice  channels  over  radio  or  4-wire  coble 
ore  available.  They  hove  many  advantages  over  earlier 
designs:  high  performaiKe,  small  size,  light  weight,  low 
cost,  circuit  simplicity,  low  power  requirements,  small 
number  of  tubes  of  a  single  type  only,  low  operating 
cost,  low  maintenance  and  high  reliability. 

These  systems  provide  a  voice-channel  flat  within  1  db 
from  300  to  3500  cycles,  for  each  4  kc  of  bandwidth 
occupied.  Each  channel  is  equipped  with  hybrid,  signal¬ 
ling,  and  dialling  circuits  for  all  the  standard  2-wire  and 
4-wire  loop  options. 

The  basic  unit  provides  an  order-wire  and  4  carrier- 
derived  channels.  These  units  can  be  stacked  in  groups 
of  2,  3,  4  or  5  by  means  of  a  group  modem  to  provide 
9,  14,  19  or  24  chonnels.  Full  flexibility  is  provided  for 
dropping  and  inserting  channel  groups  at  repeater  and 
terminal  points.  Moderate  lengths  of  4-wire  cable  or 
open-wire  line  may  be  inserted  between  the  multiplex 
equipment  and  the  radio  terminals. 
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*  Encopiulatarf  •  Paper  Inlarlaova 

•  Bobbin  •  Cotton  Intorwaava 

*  Form  Wound 

*  Vacuum  Impragnatad 

*  High  Tamparatura  Application 
Also,  Tronsformar*  Mode  To  Order 
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Regardless  of  type  or 
quantity,  every  coil  is 
quality  manufKtured 
to  your  exKt  specifi¬ 
cations. 


Now  Available! 

Tiny 

Variable 
Vacuum 
Capacitors 


Actual  Size 


VARIVAc 

TYPE  A-i6/3  with 


-10/3 
CERAMIC 
ENVELOPES 


Especially  suited  for  the  needs  of 
telemetering  and  other  miniaturized 
electronic  equipment,  these  new 
UNITED  vacuum  variable  capacitors 
represent  the  latest  and  most  effective 
solution  to  many  complex  problems. 


RATINGS 


Capacitance  rsHKC  ZtolOuuf 
Max.  peak  RF  voltajre  3000  volts 
Maximum  RMS  current  1  ampere 
Maximum  temperature  500’  C 
Shaft  revolutions  5  turns 

Net  weight  4/10  oz. 

Nominal  overall  Length: 

dimensions  loss  Diameter : 

connector  lugs 


For  dielectric  stability  and  mainte¬ 
nance  of  precise  setting  of  capaci¬ 
tance  in  high  altitude,  high  tempera¬ 
ture  environment,  there  is  no  other 
class  of  cafHicitor  that  can  equal  these 
new  variiiim  variables.  Capacitance 
variation  control  is  straight  line. 


lour  inquiries  are  cordially  invited. 


A  SvbMdiary  •!  CUctr^met,  Inc. 

42  Spring  Street,  Newark  4,  N.  J. 


service . 


iL  SN 


HERMETIC  SEALING 
EPOXY  PREFORMS 


PRESSED 

CERAMICS 


CERAMICS  CO. 


lU  UTTLI  ST.  I  THORNTON  HBAtH 
MLLIVlUt  ,N|W  JtRSCT  I  SURMT.OMLANO 


Save  SPACE  and  WEIGHT  with  the 
A.  W.  HAYDON  COMPANY’S 
Unique  Line  of  RELIABLE  SUB-MINIATURE 
ELAPSED  TIME  INDICATORS 


TINYI 

1  %  "  Diameter  — 

Weight  only  4  ounces 
Compact  flange  or  MS-28053  Mounting 

TOUGH! 

Temperature:  54  C.  to  85  C  ^ 

Vibrotion:  500  CPS.  lOg  ■* 

Shock  50g 

Hermetically  Sealed  Housings! 
i  Dial  Foce  or  Digital  Readout! 

k  400  Cycle  Models  Now  in  Production! 

Custom  Designed  to  Meet  Military 
Spectficaiions! 

Write  for  Bulletin  AWH  ET  602. 


multiplexes  five  separate  voltage  in¬ 
puts  to  a  single  voltage  output.  ’Flic 
saiuple-and-hold  feature  makes  pos¬ 
sible  the  siumltaneous  sampling 
within  0.2  /isec  of  any  number  of 
channels  of  highly  dynamic  data. 
Maximum  multiplexing  rate  from 
channel  to  channel  is  25  kc.  Stand¬ 
ard  input  voltage  range  is  ±10  v. 
I’ransfer  accuracy  from  voltage  in¬ 
put  to  voltage  output  is  ±0.05 
IxTCcnt  of  full  scale.  Circle  222  on 
Reader  Service  Card. 


SrURS  •  HELICALS  •  WORM  AND  WORM  GEARS  •  STRAIGHT  BEVELS 
LEAD  SCREWS  •  RATCHETS  •  CLUSTER  GEARS  •  RACKS  •  INTERNALS  •  ODD  SHARES 


Power  Inverter 
transistorized 

PowKR  Sources,  Inc.,  Burlington, 
Mass.  MckIcI  1^-5001  transistor¬ 
ized  power  inverter  is  designed 
specificallv  for  applications  requir¬ 
ing  small  size  and  high  reliabilitv. 
Measuring  only  -11  bv  TJ  bv  -11  in., 
these  inverters  pros  ide  115  \  a-c 
at  -100  cps  and  up  to  750  ma  load 
current.  Input  is  26  v  d-c  ±  5  |xt- 
eent.  Units  are  capable  of  ojxra- 
tion  at  temjxratures  up  to  S5  C 
and  are  hermetic-ally  sealed  to  meet 
all  environmental  conditions.  \\  .i\e 
shape  of  the  output  voltage  is 
square  wave.  .\t  a  slight  increase 
in  height  a  filter  is  available  to  pro¬ 
vide  sine  wave  output.  Circle  225 
on  Reader  Service  Card. 
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Converter 

voltage  to  frequency 

Dynac,  Inc.,  595  Page  Mill  Road. 
Palo  Alto,  Calif.  One  volt  d-c  fed 
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ENGINEER  OPPORTUNITIES  AT  RAYTHEON 


Anywhere . . . 

At  t*a,  in  fit*  ky 
<old  oi  lh« 
onlorctlcl 

S.S.WHITE  Molded 
Roiitlert  In  voluoi 
up  to  90.000 

mofohmt  j 

rotoin  thoir  / 

choroctofidici.  / 


/  in  Any 
I  Weather 

Airborn*,  In 
•t•oming  h»ot  of 
th«  tropicil 
S.S.WHITE  Moldod 
Rcftiitort  Of 
mod*  of  <ootod« 
non-hygroKOpic 
L  motofiol  thot 
\  rotisU  moiifvrot 


DOPPLER  NAVIGATION  EQUIPMENT  is  readietl  for  flight  testing  under 
operational  ronriitions.  Engineers  at  the  Maynard  Laboratory  hold  responsi¬ 
bility  for  program  from  initial  study  phase  through  prototype  production. 


Newly  formed  project  groups  solve 
complex  airborne  radar  problems 

Engineers  like  the  project-type  organization  at  Raytheon’s 
Maynard  Laboratory.  It  gives  them  maximum  diversification  in 
their  work  on  the  most  advanced  radar  navigational  and  control 
problems  of  the  day. 

At  Maynard,  you’ll  find  projects  involving  many  areas  of  aircraft 
navigation  and  guidance  systems  . . .  doppler  navigation,  velocity 
check  systems,  night-fighter  operations  systems,  flight-control 
systems,  altimeters.  There  is  also  interesting  new  work  on  counter¬ 
measures  equipment. 

Career  opportunities  for  men  at  all  levels  now  exist  in  the  follow¬ 
ing  areas: 

MICROWAVE  COMPONENT  SYSTEMS  ANALYSIS  & 

design  engineering 

ANTENNA  DESIGN  TECHNICAL  WRITING 

ELECTRONIC  PACKAGING  SPECIFICATIONS  WRITING 

ADVANCED  CIRCUIT  DESIGN 

For  complete  details  on  engineering  positions  in  any  of  Maynard’s 
project  groups,  please  write  John  J.  Oliver,  P.O.  Box  87E, 
Raytheon  Maynard  Laboratory,  Maynard,  Mass. 

RAVTHKON  MANUFACTURING  COMPANY 

Maynard.  MaaaacNuaatta 


Molded  Resistors 
Withstand  Temperature 
and  Humidity 

FIXED  RESISTANCE  VALUES  RANGE 

FROM  1000  OHMS  TO  10,000,000 
MEGOHMS  I 

65X  Molded  Resistor  —  1  woH 
SOX  Molded  Resistor  —  3  watts 

While  bargain  buys  in  resistors  are  wear¬ 
ing  out  and  being  replaced,  durable  S.S 
White  “All-Weather"  Molded  Resistors 
are  still  giving  top  performance  in  hun¬ 
dreds  of  commercial,  industrial  and  sci¬ 
entific  applkaiions. 

Our  resistors  are  characterized  by  lowf 
noise  level  .  .  .  precision  .  .  .  stability  .  .  . 
have  negative  temperature  and  voltage  co¬ 
efficients.  Compact  .  .  .  excellent  stability 
and  mechanical  strength  . . .  values  do  not 
deteriorate  due  to  age. 

We'll  be  glad  to  cooperate  with  you  in 
applying  these  high-quality  resistors  to 
your  product  For  our  Bulletin  5409,  just 
drop  a  line  to  Ocpi.  r. 


Arm  you  fho 
ONE  MAN  IN  THRU? 


INDUSTRIAL  DIVISION 

10  Ea«t  40th  Stroot 
Now  York  16,  Now  York 
CIRCLE  74  READERS  SERVICE  CARD 
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Excellence  in  Electronics 


to  tlic  model  l')Y-2210  volt;igc-to- 
frcqiicncy  coiucrtcr  produces  10.- 
000  pps  output  for  me.isuremeut 
on  electronic  counters  to  an  accu¬ 
racy  of  0.1  percent.  Range  switch 
gist's  full-scale  output  pulse  rates 
for  1,  10,  100  and  1,000  v,  at  a 
constant  1-niegolnn  input  im¬ 
pedance.  The  soltage  being  meas¬ 
ured  is  aseraged  oscr  the  period  of 
the  selected  counter  gate  tune  giv¬ 
ing  a  reading  which  is  insensitive 
to  noise.  Positive  or  negative  volt¬ 
ages  are  measured  without  lead  re¬ 
versing  or  switching.  'I  he  unit  is 
priced  at  S6s0.  Circle  22-f  on 
Reader  Service  Card. 


TWO  fm/fim 
RECEIVING 
STATION  SYSTEMS 

TGRS-100  Stations  are  designed  for  either  real 
time  reception  and  demodulation  or  demodulation  of 
tape  recorded  data.  Plug-ins,  subcarrier  band  selec¬ 
tion,  provides  complete  flexibility  in  the  use  of  this 
equipment  for  in-plant,  field  installations  and  related 
applications. 

TGRS-600  Stations  are  used  for  extremely  pre¬ 
cise  demodulation  of  FM  'FM  subcarrier  signals  on 
all  standard  bands  through  use  of  a  single  band- 
selector  switch. 

This  equipment  is  particularly  suited  for  labora¬ 
tory  use  in  data  reduction  and  handling  facilities 
where  a  high  order  of  accuracy  must  be  maintained. 

Both  types  of  systems  may  be  equipped 
With  wow  and  flutter  compensation  and 
automatic  calibration  features. 


Miniature  Tube 
voltage-regulator 

R.vnio  CoRP.  or  .\mi  ric.v,  ll.uri- 
soii,  \.  J.,  has  iutrocliieecl  a  nevv 
voltage  regulator  tube  of  the  cold- 
catlioclc,  glow-discharge  tyix;.  It 
is  intended  for  use  in  v()ltage->eg- 
lator  applications  recpiiring  a  rel.w 
tivelv  constant  d-c  output  voltage 
across  a  load,  inde|xndent  of  load 
current  and  moderate  line-volt.ige 
variations.  I’lic  tulx  will  supplv  a 
regulated  voltage  of  approximately 
"s  V  at  cathode  currents  from  s  to 
^0  ma.  Circle  225  on  Reader  Serv¬ 
ice  Card. 


THREE  TYPES 
OF  SUBCARRIER 
OSCII-L.ATORS 

Silicon  Transistor  Strain  Gage  and  Voltage 
Controlled  Oscillators 
These  oscillators  are  capable  of  high  temperature 
performance  and  provide  low  power  drain,  long  life  and  high 
reliability  under  extremes  of  shock  and  vibration. 

Germanium  Transistorized  Voltage  Con¬ 
trolled  Oscillators 

Low  temperature  capability,  extended  life,  accu¬ 
racy  under  extremes  of  shock  and  vibration  and  low  power 
drain  are  features  of  these  frequency  modulated  units. 

Vacuum  Tube  Oscillators  —  Bridge  and 
Voltage  Controlled 

Bendix-Pacific  offers  a  complete  line  of  vacuum 
tube  oscillators  proven  by  years  of  use  in  the  mis- 
sile  and  aircraft  field.  An  enviable  record  of  in- 
flight  performance  under  extreme  conditions 
has  been  established. 


Memory  Cores 
small  size 


iNri'.RN.vnoN.vi.  Risistanci:  Co., 
401  \.  Broad  St.,  Philadelphia  S, 
Pa.  'I'hc  IRSSO  ferrite  memorv  tore 
offers  a  uiiic|uelv  square  B-M  hvs- 
teresis  IrMip,  making  it  particularly 
useful  for  fast  switehiiig  memory 
matrices  in  digital  computers.  Its 
magnetic  properties  were  designed 
for  use  with  driving  currents  of  ap- 
proximatclv  820  ma.  The  output  for 
a  single  turn  is  then  above  1  20  inv. 
Outside  diameter  of  the  core  is 
0.08  in.  ±0.005  in.;  inside  di.mi- 
etcr,  0.05  in.  ±0.005  in.;  and  thick¬ 
ness,  0.025  in.  ±0.005  in.  Circle 
226  on  Reader  Service  Card. 


In  addition  to  itoms  shown 
above  we  will  be  glad 
to  send  complete  data  on 
all  Bendix-Pacific 
Telemetering  Equipment. 


Cm!  Ceaat:  (Eastern  Raprasantativs)  P.O.  Box  391,  Wilton,  Connacticut  —  Dayton. 

Ohio;  120  Wast  2nd  -  Washington.  O.  C.;  Suita  803.  1701  “K"  Straat,  N.W. 
Canadian  (Natrlkuters:  Computing  Davlcas  of  Canada.  Ottawa  4,  Ontario 
Export  Divtslon:  Bandix  Intamationai.  205  E.  42nd  Straat.  Naw  York  17,  Naw  York 
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Here’s  information  you'll  want 

HlMjliMutl  precision 


timer: 


Accurate,  reliable,  versatile  Elapsed 
Time  Indicators.  SyrKhronous 
motor  drive,  manual  or  electric 
zero  reset.  Electric  clutch  controlled 
by  manual  or  automatic  switch 
or  output  of  electronic  tubes. 
Units  available  for  flush  panel 
mounting  or  portable  use. 


Madol 

^  Olviaiona 

Talaliios 

Accuracy 

S-lOO 

1/5  sec. 

6000  sec. 

±.l  sec. 

S-60 

1/5  sec. 

60  min. 

±.1  sec 

SM-60 

1  /  1  00  min. 

60  min. 

±.002  min. 

S-IO 

T/io 

1000  sec. 

±.02  tec. 

To 

1/1000  min. 

1 0  min. 

±.0002  min 

S-1 

l/lOO  sec. 

60  sec. 

±.01  sec. 

MST 

I/IOOO  sec. 

.360  tec. 

±.001  sec. 

MST-SOO 

1/1000  lecTl 

30  tec. 

±.002  sec. 

ftfOUEST  BULLETIN  NO.  19B 


THE  STANDARD  ELECTRIC  TIME  COMPANY 

89  LOGAN  STREET  •  SPRINGFIELD,  MASSACHUSETTS 
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ELECTRONICS  ENGINEERS 
and  PHYSICISTS 

Aeronutronic  is  expandinK  military  and  cummercial 
proRiams  involving  the  most  advanced  research, 
development,  experimentation  and  prototype  produc¬ 
tion  at  plants  in  Glendale  and  at  modern,  new  facili¬ 
ties  overlooking:  the  Pacific  Ocean  at  Newport  Beach, 
California. 

Career  opportunities  are  open  for  scientists  and 
engineers  of  higfh  calibre  in  the  fields  of  space  tech- 
nolofEy,  ranfre  instrumentation,  missiles  electronics, 
automatic  controls,  and  display  systems.  Advanced 
decree  and  three  to  five  years’  exjierience  in  tele¬ 
metry,  radio  propagation,  atmospheric  physics,  servo¬ 
mechanisms,  electronic  and/or  mechanical  design,  or 
plasma  physics  desirable.  U.S.  citizenship  necessary. 
Qualified  applicants  are  invited  to  send  resume  to 
Mr.  L.  R.  Stapel. 

AERONUTRONIC  SYSTEMS.  INC. 

«  subsidiary  of  Ford  Motor  Company 
I'i.'M  Air  Way  •  Glendale.  California  •  Telephone  CHapman  S  WL'il 
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(Analoc  to  Digital] 

The  Coleman  DIGITIZER  provides  a 
simple,  economical,  and  reliable 
method  of  recording,  in  digital  form, 
the  analogs  of  temperature,  pres¬ 
sure,  voltage,  strain,  distance,  etc. 
This  record  may  be  produced  auto¬ 
matically  by  printers,  punched  cards, 
electric  Input  typewriters,  and  per¬ 
forated-tape  machines. 
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Shaft  Unambiguous 

rotation  contact 

input.  setting. 
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[Digital  to  Analog] 
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Write  far  Free  Data  Flit. 
Mantiaa  jsst  applicatian. 


IwtlwpprfiH  CweMwaMiye  lac. 

6040  W.st  Jbffbrson  Boulbvard 
Lot  Ancbibs  16,  California 
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•  AIDS  LUBRICATION 

•  UNIQUE  STABILIZATION 

•  ALLOYS  READILY 


QUALITY 

at  the  Indium  Corporation 
of  America  meant  purity 
of  metalt,  and  strict  ad¬ 
herence  to  tpecificotiont. 

SERVICE 

means  prompt  delivery  to 
customers,  and  technical 
help  in  specific  uses  of 
Indium.  ' 

i 

RESEARCH 

means  "forward  looking" 
with  respect  to  new  prod¬ 
ucts  and  new  techniques. 


N 
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E 1  E 
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Every  time  you  listen  to  a  tronsistor  rodio, 
you  ore  enjoying  the  benefits  of  on  appli¬ 
cation  of  the  49th  element.  Indium. 

The  use  of  Indium  with  o  germanium  plate 
aided  electronic  engineers  to  produce 
transistors  commercially  —  but  this  is  only 
one  of  many  startling  achievements  mode 
possible  through  use  of  Indium  ...  the  metal 
of  unlimited  possibilities. 

Indium  may  hove  significant  applications  in 
your  own  product  development. 


WRITE  TODAY  to  Dept.E-758  for  new  Indium 
bulletin;  "INDALLOY"  Intermediate  Solders. 


THE 


INDIUM 


CORPORATION  OF  AMERICA 
1676  LINCOLN  AVENUE  UTICA,  NEW  YORK 
Sine*  1934  .  .  .  Pienaars  in  tha  Davalopmant  and 
Applications  of  Indium  for  Industry. 


Literature  of 


MATERIALS 

Insulating  Materials.  General 
Electric  Co.,  Schenectady  5,  N.  Y. 
Bulletin  GER-H67  describes  in 
text,  tables  and  pictures  the  charac¬ 
teristics  and  application  range  of 
insulating  materials  which  arc 
chcinically,  physically  and  elec¬ 
trically  compatible.  Circle  227  on 
Reader  Service  Card. 


COMPONENTS 

Coaxial  Tuners.  Microlab,  Liv¬ 
ingston,  N.  J.  Catalog  No.  7B  an¬ 
nounces  a  new  line  of  constant  im¬ 
pedance  line  stretchers,  trombone 
line  stretchers,  double  slug  tuners 
and  double  stub  tuners.  Prices  arc 
included.  Circle  228  on  Reader 
Service  Card. 

Miniature  Capacitors.  General 
Electric  Co.,  Irmo,  S.  C.  A  four- 
page  bulletin  describes  the  com¬ 
pany’s  solid  'rantalytic  capacitors 
which  are  expected  to  have  wide 
application  in  low  voltage  circuitry. 
Pictures,  charts,  dimensional  draw¬ 
ings  and  rating  tables  arc  included. 
Circle  229  on  Reader  Service  Card. 

R-F  Connectors.  Kings  Elec¬ 
tronics  Co.,  Inc.,  40  Marbledalc 
Rd.,  Puckahoe,  N.  Y.,  has  prepared 
an  84-page  hniseleaf  catalog  on  r-f 
connectors.  It  contains  illustrated 
descriptions,  charts  and  cross  in¬ 
dexes.  dimensions  and  assembly  in¬ 
structions.  Circle  230  on  Reader 
Service  Card. 

Subininiature  Relays.  Phillips 
Control  Corp.,  59  \\',  Washing¬ 
ton  St.,  Joliet,  111.  Six  subininiature 
relavs  for  critical  airborne  applica¬ 
tions  are  descrilK’d  in  a  recent  prod¬ 
uct  engineering  bulletin.  Character¬ 
istics  and  detail  specifications  are 
gi\cn.  Circle  231  on  Reader  Service 
Card. 

I'hemiistors/V'aristors.  Victory 
Engineering  Corp.,  524  Springfield 
Road,  Union,  N.  J.  An  informative 
catalog  contains  pertinent  engineer¬ 
ing  data  covering  over  250  standard 
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the  Week 


tlicrniistors  and  varistors  w  ith  appli- 
c-ations  and  characteristics.  C'irclc 
252  on  Reader  Scnice  Card. 

Traiisistor  Mounting  Cli|)s. 
Vector  Klectronic  Co.,  1 100  !•  lower 
St.,  CMendale  1,  Calif.  Hnlletin  hi 
covers  a  line  of  transistor  mounting 
clips  which  clamp  transistors  of  var¬ 
ious  sizes  or  transistor  sockets  to 
insulated  Ixrards  or  metal  chassis. 
Circle  255  on  Reader  Service  Card. 

Ultrasonic  IXday  Lines.  Bliley 
Klectric  Co.,  Union  Station  Bldg., 
Krie,  Pa.  Bulletin  510  is  a  four- 
|xige  publication  outlining  perform¬ 
ance  characteristics  and  design  con¬ 
siderations  for  a  line  of  ultrasonic 
delay  lines.  Circle  25-4  on  Reader 
.Sers'ice  Card. 


EQUIPMENT 

.\nalog  Computer.  Mid-Centnry 
Instrnmatic  Corp.,  hll  BriKulwav, 
New  York  12.  N.  Y.  .\n  S-page 
bnK'hnre  descrilK’s  the  .\IC-100 
desk  side  analog  computer,  a  com¬ 
plete  portable  computer  center  with 
recorder  built  in.  Chrcle  255  on 
Reader  Service  Card. 

Pulse  (ienerator.  Klectro-Pnlse, 
Inc.,  11  Shi  Teale  St.,  Cnher  City, 
Calif.  Model  5-1 50B  2-mc  pulse 
generator  is  covered  in  a  5-j)agc 
bixiklct.  Specific-ations,  instrument 
photo  and  typical  applications  are 
prosided.  Circle  25h  on  Reader 
Service  Card, 

FACILITIES 

Ilerinetic  Seals.  Hermetic  Seal 
Corp.,  29  South  Sixth  St.,  Newark 
7,  N.  ).  Catalog  No.  hsTH  is  a  16- 
page  folder  c'ontaining  complete 
physical  dimensions  and  line  draw¬ 
ings  of  o\er  1,000  different  stvlcs 
and  sizes  of  militarv'  and  Rl’.'rM.V 
type  hermetic  seals  and  their  appro¬ 
priate  part  nnmlKrs.  It  also  offers 
s|K'cific  illustrations  and  infornia- 
tion  about  the  companv’s  custom 
design  enginerring  serxicx’  on  all 
tvpes  of  glass-to-metal  seals.  Cir¬ 
cle  257  on  Reader  Service  Card. 


ACEPOr  A 

SUB-MINIATURE,  PRECISION,  WIRE-WOUND 

LINEAR 

POTENTIOMETERS 
Small  pot  size  —  Big  pot  performance 


Only  Vi"  in  diameter,  the  ACEPOT  excels  in  a  combination  of  all 
around  top  performance  characteristics  comparable  to  larger  units. 
For  example,  these  precision  units  feature  ±2%  resistance  tolerance 
and  ±  0.3%  independent  linearity.  Every  potentiometer  is  complete¬ 
ly  sealed  against  sand,  dust  and  foreign  matter  to  avoid  abrasive  ac¬ 
tion  between  moving  parts.  All  materials  and  metals  are  treated  for 
maximum  resistance  to  salt  spray,  corrosion,  humidity  and  conform 
to  shock  and  vibration  tests.  ACEPOTS  are  designed  and  assembled 
MIL-A-8625A.  OO-M-1512,  JAN-T-152,  MIL-E-5272A,  MIL-R- 
19A,  NAS-710  and  MIL-R-19518  (ships). 


\ 

a 

N 

t 

_ 

ACfPOT  LINiARITY  TIST 

Plot  of  vellag*  ratio  orror  vortut  ro¬ 
tation  illuttrato*  linoarity  to  bottor 
than  ±  0.3%. 


ACEPOT  RESOLUTION  TEST 

Soction  of  otciMograph  tra<o  of  oloc- 
trical  roiolution  «how$  voltago 
chango  for  oach  turn  of  wiro. 


ACE  offers  a  wide  variety  of  linear  and  nonlinear  precision,  wire- 
wound  potentiometers  in  standard,  special  and  AIA  sizes.  Custom 
designs  to  meet  special  requirements  can  be  made  available  on  short 
lead  time.  Call,  write  or  teletype  Dept.  F,  ACE  ELECTRONICS 
ASSOCIATES,  INC.,  99  Dover  Street,  Somerville,  Mass.,  Somerset 
6-5130,  TWX  SMVL-181. 

ACITIIM  )!«  *  Af  F  ELECTRONICS  ASSOCIATES,  INC 

ACISITg) 

ACIOHM  9 


IQ 
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PLANTS  and  PEOPLE 


department  in  the  company  to 
iiandle  micro\va\c  radio,  carrier, 
and  control  products.  Canadian 
Motorola  has  a  long  term  sales  and 
manufacturing  agreement  with 
Motorola  Inc.,  Chicago,  and  is  ex¬ 
clusive  Canadian  reprcsentatisc  for 
radio  carrier  products  axailahle  from 
Philips  rclecommunication  Divi¬ 
sion.  the  Netherlands. 

John  K.  Raftis  is  appointed  man¬ 
ager  of  the  microwave  and  indus¬ 
trial  prcKlucts  operation.  C'.arth 
!•'.  C.  W’eedon  is  named  s;iles  engi¬ 
neer.  and  rhomas  W'.  Purdy,  sys¬ 
tems  engineer. 

Canadian  Motorola  I'.lectromes 
is  organized  to  undertake  multi¬ 
channel  radio  projects  including 
completely  p.ickagcd  microwave 
system  installations. 


WWBiiBnniiitiR 


Sylvania:  New  Defense  Lab 


The  ,\mherst  Lalxiratory  is  the 
10th  facility  of  Svlvania  Klcctronic 
Systems.  I'hc  division  has  other 
facilities  in  W  altham,  Mass.;  Buf¬ 
falo,  N.  Y.;  Mountain  N'^ievv,  Calif.; 
Williamsport,  Pa.;  and  Santa  Cruz, 
Calif,  .\nothcr  new  plant  just  went 
into  operation  in  Needham,  Mass. 


An  tsTiMATED  record  total  of  S4i 
billion  will  be  spent  bv  the  Armed 
Services  on  electronic  defense  this 
year.  So  said  Don  G.  Mitchell. 
Sylvania  president-chairman,  at  the 
recent  formal  opening  of  the  com¬ 
pany’s  .\mherst  Engineering  Lab- 
oratorv  in  Williamsville,  N.  Y. 

rhe  new  85,000  sq  ft  laboratory 
(picture)  is  part  of  Svlvania  Elec¬ 
tronic  Systems.  I  he  two-story 
building,  adjacent  to  the  Buffalo 
municipal  airport,  houses  approxi- 
niatelv  500  employees,  about  half 
of  them  engineers. 

I'hc  Amherst  facility  specializes 
in  research,  development,  design, 
and  product  engineering  in  com¬ 
munication,  countermeasures,  radar 
and  navigation.  One  of  the  labora¬ 
tory’s  major  programs  is  develop¬ 
ment  and  production  of  the  “elec¬ 
tronic  shield,”  automatic  defense 
system  of  the  USAE’s  Convair  B-58 
supersonic  bomber. 

Other  significant  projects  in¬ 
clude: 

PLATO— an  antimissile  system 
for  defense  of  field  armies,  under 
development  for  the  Armv  Ord¬ 
nance  Corps. 

BMEWS  (Ballistic  Missile  Early 
Warning  Systems)— an  Air  Eorcc 
program  for  the  detection  of  inter¬ 
continental  ballistic  missiles. 

ECM— an  electronic  counter¬ 
measures  subsystem  for  the  B-52 
Air  Force  long-range  bomber. 

MOBIDIC  (Mobile  Digital 
Computer)— van-carried  battlefield 
computer  under  development  for 
the  Army  Signal  Corps. 

UDOFT  (Universal  Digital  Op¬ 
erational  Flight  Trainer)- a  jet 
plane  flight  trainer  under  develop¬ 
ment  for  the  Navv. 


Motorola  Ups 
F.  W.  Walker 


Frank  W'.  Wvi.ker  has  been 
named  a  vice  president  and  m.m- 
ager,  government  sales,  by  Mo¬ 
torola  Connnnnieatioiis  &  Elec- 
tronies,  Inc.,  a  wholly  owned  sale> 
subsidiary  at  Motorola,  Inc.  lie 
will  work  from  the  company’s 
Washington.  D.  C.  office,  where 
he  will  assume  overall  responsibility 
for  sale,  contract,  lease  and  service 
relationships  with  the  federal  agen¬ 
cies. 

I’hc  new  v-p  has  Ikcii  with 
Motorola  for  ten  years,  the  last 
five  as  regional  manager  in  the 
.southwestern  U.  S. 


GTC  Appoints 
Sinacore  to  Post 

Former  production  manager  at 
Eastern  Precision  Resistor  Corp., 
Joseph  j.  Sinacore  (picture)  is  ap¬ 
pointed  resistor  project  engineer  at 
General  I’ransistor  Corp.,  Jamaica, 
New  York. 


ERA  Activates 
New  Subsidiary 

F'or.maiion  of  a  new  California 
subsidiarv  in  Santa  Monica  known 
as  F’R.\  Pacific,  Inc.  (picture)  is 
announced  by  Electronic  Research 
Associates.  Inc.,  Cedar  Cirove,  N.  J. 
'Hie  wholly-owned  subsidiary  will 
specialize  in  the  design  and  manu- 


Canada  Motorola 
Creates  Dept. 

R.  M.  Brophy,  president  of  Cana¬ 
dian  Motorola  Electronics  Ltd.  an¬ 
nounces  the  formation  of  a  new 
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TRANSFORMERS  INCORPORATED  has  consistently 
designed  and  manulactured  precision  transformers 
that  solved  the  transformer  problems  of  its 
customers.  How  may  we  help  YOU? 


SIZE  AND 
WEIGHT 


Because  of  advances  in  transformer  design  calculation  methods  and  tech¬ 
nique,  Transformers.  Incorporated  can  accurately  establish  the  size  and 
weight  of  the  required  transformer  from  your  performance  specifications, 
without  the  expensive  and  time  consuming  construction  and  testing  of 
prototypes.  These  same  advances  in  transformer  design  engineering  have 
enabled  Transformers,  Incorporated  to  produce  the  smallest  and  lightest 
precision  transformers  available.  This  is  particularly  important  in  this 
£  era  of  miniaturization,  peculiar  space  envelopes,  and  rigid  weight  re- 
I  quirements. 


Transformers.  Incorporated  designs  and  manufactures  transformers  with 
a  measured  voltage  ratio  accuracy  of  up  to  five  parts  per  million  (0.0005%) 
at  room  temperatures  and  under  no-load  condition,  with  comparable  ac¬ 
curacies  at  other  temperatures  and  loads.  These  accuracies  can  be  main¬ 
tained  in  all  production  quantities  from  one  to  one  thousand — or  any  other 
quantity  that  you  may  require.  The  ability  of  Transformers,  Incorporated 
to  maintain  specified  accuracies  has  been  consistently  proven  by  samples 
submitted  to  the  U.  S.  Bureau  of  Standards  Testing  Laboratory. 

Each  and  every  transformer  is  individually  inspected  and  electrically  tested, 
and  samples  are  subjected  to  the  required  environmental  tests,  to  ensure 
the  highest  degree  of  reliability.  These  methods  far  exceed  the  usual  sam¬ 
pling  techniques  of  most  quality  control  systems,  and  enable  Transformers. 
Incorporated  to  guarantee  that  every  precision  transformer  will  meet  or 
exceed  customer  specifications. 

Relieve  your  engineering  department  of  the  arduous  task  of  designing 
precision  transformers.  Phone  ENDICOTT,  NEW  YORK  8-3311,  collect. 
Ask  tor  Tres  Park.  There’s  no  obligation. 


I*artinl  iJmt  nf  S.WiSFi  Hn  Ft' STO K HS  :  Hallnmlimf  l.mhe»ralnrie>H  •  .\irrratt  •  tUnfinff 

AIrpImmr  I'tsntpamif  •  t'mrtimm-Wrlphl  •  IttiffMirmm  Inatriimfitt  •  Itmmnitt 

Kle^rtrir  •  Hmphe^m  .tirrrmtl  •  tHM  •  tiullMmmm  Immirmmfmt  •  tJmk  A  A'mrlkmp 

.MmmmmrhmHmtlm  Immtilmlm  Trrhmal^ifff  •  ^Irlpmr,  Imr.  •  .V»r<f<*M-#srfa|y  •  •  Np^rrpm 

tipmMmpe>  •  Spirmmlm  ...  mini  miherm. 


RANSFORMERS, 

200  Stage  Road 


INCORPORATED 

Vestal,  N.Y. 
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monvfactur«d  by  th«  Components  Division  of 


Hjui 


The  heat’s  on,  as  withering  high  temperatures  are  applied... 
and  once  more  G-M  Servo  Motors  prove  themselves! 


This  cruel  high-temperature  exposure  in 
electric  ovens  at  the  G-M  l.aboratories  is 
only  one  part  of  a  rigorous  test  series  G-M 
Servo  Motors  must  undergo— prior  to  use 
in  rocket  and  missile  applications. 

At  G-M,  Servo  Motors  are  proved  under 
all  military  environmental  specifications 
called  for.  They  are  built  to  withstand  the 
tortures  of  humidity,  salt  spray,  altitude, 
vibration  and  both  high  and  low  tempera¬ 
tures.  And  they  pass  with  honors. 


4GOC 
G-M 
SER\ 


GOOD  REASONS  WHY 
G-M  SERVO  MOTORS 
SERVE  YOU  BESTI 


1  G-M  S*rvo  Motor!  ore  ovoil- 
oble  in  stondord  lizei. 

2  G-M  Servo  Motors  con  be 
modified  to  meet  specific 
circuit  requirements. 

3  New  “Stock  Sompte  Serv¬ 
ice"  for  quick  delivery  of 
standard  motors  for  proto¬ 
type  use. 

4  Fast  production  — better 


4336  N.  Knox  Avenue  •  Chicono  41 


^4/^  No4AA 

for  information,  or  send 
for  complete  G-M 
charts  ond  specifica¬ 
tions.  No  obligation,  of 
course. 


facturc  of  semiconductor  and  tran¬ 
sistorized  devices.  'Flic  companf 
will  also  offer  engineering  and  re¬ 
lated  services  for  both  parent  com¬ 
pany  and  subsidiary’  products. 


Levinthal  Hires 
Howard  Jessup 

Nf.w  department  manager  of  the 
pulse  transformer  facility  at  Ix.'vin- 
thal  Klcctronic  Products,  Inc., 
Palo  Alto,  Calif.,  is  Howard  L. 
Jessup  (picture).  Prior  to  joining 
the  company  in  this  new  post, 
Jessup  was  in  the  C'.rcens  ille.  Pa., 
plant  of  W'estinghousc  I'.lcctric 
Corp.’,  responsible  for  design,  dtv 
vclopmcnt,  and  prrxluction  of  high 
and  low  power  pulse  transformers 
and  related  reactance  devices. 

LFE  Consolidates 
Boston  Operations 

Laboratory  for  Klcctronics,  Inc., 
has  begun  consolidation  of  four 
Boston  locations  into  210,000 
square  feet  of  leased  space  in  build¬ 
ing  at  1085  Commonwealth  .\vc- 
nuc. 

\\1icn  consolidation  is  completed 
in  the  ball,  the  12-ycar-old  Boston 
firm  will  have  all  operations  under 
one  roof. 

Decision  to  remain  intown  coun¬ 
ters  general  trend,  exodus  of  com- 
p.mies  to  suburban  Route  128, 
‘‘Klcctronics  Row.” 

I’irm  employs  892  and  expects 
to  add  150  by  January  of  1959,  ac¬ 
cording  to  I’residcnt  Henry  \\L 
Harding.  He  said  Ll’  K,  has  a  back- 
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Protect  the  life  line  of,r: 


your  oloctrical  products  |  engineers:  Microwave  .  .  Radar  .  .  Pulse  Circuits  J 


with  Nylon  HEYCO  , 

Strain  Relief  Bushings  these 


I  RBSOMS  TWIST 

Send  for  samples  to  fit  your  wire,  today! 

HEYMAN 

MANUFACTURING  COMPANY 

KINIlWORTHtSC  NEW  JERSEY 


NORDEN  LABORATORIES 


career  advantages: 


Anchor  &  Insulate 
power  supply  cords 


SAVE  TIME... 
...SAVE  MONEY 


ABSORBS  PUSH 


□  High  Priority  Programs  □  Diversified  Systems  Engineering 

□  Long-Term  Stability  □  Reimbursement  for  Academic  Study 

□  Finest  Residential  Area 

Since  the  dramatic  development  of  the  original  Norden  Bombsight, 
Norden  Laboratories  have  pioneered  many  of  the  most  significant  en¬ 
gineering  advances.  In  such  a  stimulating  environment,  creativity  and 
imagination  are  at  a  premium.  Diversified  assignments  broaden  your 
competence,  while  individual  responsibility  assures  steady  progress. 
Norden’s  location  is  ideal  —  in  the  heart  of  America’s  most  desirable 
"living  room”,  offering  the  benefits  of  suburban  Westchester  with  the 
proximity  of  New  York  City,  only  25  miles  away.  Send  the  coupon 
below,  or  call  for  details  on  these  and  other  current  assignments. 

,  MICROWAVE 

•  Senior  Microwave  Engineers 

•  Microwave  Design  Engineers 

RADAR  AND  PULSE  CIRCUITRY 

•  Design  Engineers  •  Transmitfer-Modulafor  Design 

•  Pulse  Circuit  Design  •  Radar  Test  Design 

Mai/  coupon  or  phone  WH  6-4300  for  details 


Technical  Employment  Manager 

NORDEN  LABORATORIES 

Sorden  Division  •  United  Aircraft  Corjwration 
121  Westmoreland  Avenue  •  White  Plains,  N.  Y. 
/  am  interested  in  □  MICROWAVE  □  RADAR 

□  PULSE  CIRCUITRY  Q  _ 


Degree . 


.College. 


Experience  (no.  years). 


j  ”]  (optional)  /  am  enclosing  resume  for  immediate  consideration. 
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Official  (/,  S.  Navy  Photograph 


wHen  a>ll 

. 

is  gazing  at  the  heavens  wondering  if  its 
bleak  and  silent  spaces  will  be  friend  or  foe, 
our  Nation’s  security  depends,  more 
than  ever  before,  on  the  Engineers’  and 
Scientists’  determination  to  make  major 
scientific  break-throughs  rather  than  mere 
improvements  in  existing  hardware. 

The  professional  staff  of  the  Vitro  Silver 
Spring  Laboratory  is  dedicated  to  this  goal. 

Our  present  openings  are  few  but  extremely 
challenging.  For  detailed  information, 
address  your  inquiry'  to: 

Manager,  Professional  Employment 

Silver  Spring  Laboratory,  Dept.  103 
Vitro  Laboratories 

14000  Georgia  Avenue,  Silver  Spring,  Maryland 


log  of  orders  totaling  $18  inillion, 
including  contract  increases  being 
negotiated. 

Ll’E  is  producing  Doppler  sys¬ 
tems  for  military,  lightweight  CC.^ 
systems,  mobile  surveillance  radar, 
computer  products,  microwave  os¬ 
cillators  and  stability  testers. 


Plant  Briefs 

Bendix  Aviation  Corp.’s  F.clipse- 
Pioncer  disiyon,  i’eterboro,  \.  ).. 
has  purchased  a  117,000  sq  ft 
building  adjacent  to  its  present 
100-acre  installation.  This  is  jwrt 
of  a  planned  expansion  in  the  field 
of  electronic  sistems  for  aircraft 
and  missiles. 

fcrrold  Electronics  Cotp.  has 
moved  to  new  and  larger  quarters 
at  Jerrold  Building.  15th  St.  I.e- 
high  .\ve.,  Philadelphia  s2.  Pa. 


News  of  Reps 

Barnes  Deselopment  Co.,  Lms- 
downe.  Pa.,  has  appointed  several 
reps  to  handle  its  line  of  automatic 
component  test  equipment.  They 
arc: 

(1)  W.  K.  Cicist  Co.,  in  south¬ 
ern  California.  .\ri/.ona  and  New 
Mexico. 

(2)  Elleiije  Co.,  in  northern 
California  and  Nesada. 

(s)  Peninsula  .Associates,  in 
Washington  and  Oregon. 

riie  company  still  has  territories 
open  in  the  sonthcastern  and  cen¬ 
tral  states. 

High-speed  counting,  timing  and 
frequencx'  measuring  equipment  of 
Computer-Measurements  Corp.,  N. 
I  lollywood,  Calif.,  is  lx;ing  handled 
in  Michigan  and  Ohio  by  Dayton 
Anderson  Electronic  Co.;  in  up¬ 
state  N.  Y.,  by  Snelling  &•  Bogos- 
sian  Co. 


"j/itn  I^BOZiA.TOIllES 

Division  of  the  Vitro  Corporation  of  America 


I  lelipot  Corp.,  Newport  Beach, 
Calif.,  names  S.  Sterling  Co.  as 
exclusive  engineering  sales  reps  in 
the  lower  peninsula  of  Michigan 
and  northern  Ohio  for  three  addi¬ 
tional  product  lines— rotating  com¬ 
ponents.  monitoring  and  control 
components,  and  electromechanical 
breadboard  parts. 
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THE  BEST  IN 
STATION  RECEIVERS 

.ientami's  Mu<lt4  77  sinfile-t-hanm’l  H.F.  rrystal-conintllfd  ri‘c*‘ivcr  hyis 
desif^nitl  and  built  to  mi'ti  voiir  not’tls. 

A  high-jH-rformancf,  rack-m<»uiile(J,  rugged 
reeeiver,  ilesigned  fur  rereption  of  Al,  FI 
or  A3  signals.  Frequency  range  is  from 
2  Vi(’.S  to  21  NK’.S,  using  permanently 
mounted  K.F.  c<»ils  vsliieh  are  sele»’ted  by 
rotary  sv^iteh.  (tSo  ptiif'-in  roils),  ('.an  be 
o|>erateil  continuously  in  any  climate  from 
hot  and  humid  t(»  very  «  old.  C.rystul  band¬ 
pass  (ilter  useil  in  I.F.  amplifier.  (»  Kd  wiilth 
normally  supplied  for  A.3  and  1.8  K(!  width 
normally  su|»plied  lor  FSK. 

Two  Model  77  receivers  can  1m-  used  in 
a  space-diversity  system  by  using  AenM  om's 
Model  DRC  diversity  combining  unit. 


TuMrr  IIS  VoIIb  or  23U  Volt*  10/MI  r>rlc« 

•infflr  iihanr.  All  rnnlrol*  on  fr<»nl  |i«nr|,  earh 
with  •Mitch  to  remote  o|>er«tion. 

Kemo\al»le  front  ro«er  |»crmit«  rnrrrmn  to  all  partn 
for  checkinE  Mithout  remcivinK  receiver  from  rack. 

Miniature  lulien  e\lcii«i  from  rear,  |ir«»«i«linE 
tmum  cooling. 
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AEm-O-jeOM 


3090  S.W.  37th  Avenue 
Miami  33,  Florida 


RIBBONS -STRIPS 


of 

if  PURE  TUNGSTEN  if  THORIATED  TUNGSTEN 

if  MOLYBDENUM  if  SPECIAL  ALLOYS 

and  OTHER  METALS 
IN 

ULTRA  THIN  SIZES 

to 

TOLERANCES  CLOSER  THAN  COMMERCIAL  STANDARDS 

by 

OUR  SPECIAL  ROLLING  TECHNIQUE 

Note:  for  highly  engineered  applications— strips  of  TUNGSTEN 
and  some  other  metals  can  be  supplied 

ROLLED  DOWN  TO  .0003  THICKNESS 

*  Finish:  Roll  Finish— Black  or  Cleaned 

*  Ribbons  may  be  supplied  in  Mg.  weights  if  required 

For  HIGHLY  ENGINEERED  APPLICATIONS 

DEVELOPED  AND  MANUFACTURED  BY 


H.CROSS  CO. 


IS  lEEKMAN  ST..  N  Y  38.  N.  T 

TlilFHONf  2-2044 

COrtlondf  7-0470 
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SeriM  48 


Oetigned  for  trouble-free  operotiorr  .  .  . 
the  Seriei  48  relays  feature  AEMCO's  pot- 
ertted  latching  mechanism — for  greoter 
dependability  than  ordinary  cam  or  rochet 
relays.  Construction  is  rugged — latch  action 
is  positive!  Contocts  lock  open  or  closed 
mechonicolly  with  a  momentary  impulse  to 
relay  coil.  SPST  up  to  DPDT — rated  10  amps, 
at  115  V,  SPST  up  to  4P0T — rated  at  2 
amps,  at  1  I S  V. 


SPECIFICATIONS;  CORE:  Solid  core,  heavy 
copper  shading  ring.  COIL:  Vacuum  varnish 
impregnated  ond  baked — tested  for  1000  V 
RMS  breokdown.  INSULATION:  Standard 
NEMA  Grade  XXXP  Phenolic.  CONTACTS: 
Vi'  dia.  for  10  amp.  models — fine  silver  or 
silver  alloy.  '/$“  dia.  for  2  amp.  models — 
fine  silver,  gold  olloy,  or  palladium  contacts. 
All  metal  ports  except  stainless  steel,  cadmium 
plated  with  cronak  finish.  Latching  members 
available  with  case-hardened  parts  if  desired. 
For  complete  informotion  on  these  Series  48 
Relays,  write  for  descriptive  data  sheet. 


Need  relays? 
ask 


AEmCO  offtrs  o  eemplcfe  line  of 
reloyi  in  o  wide  choke  of  tprin^ 
and  €0*1  combinations,  operoting 
potentiols.  ond  contact  rotings.  If 
one  of  hundreds  of  ttondord 
AEMCO  relay  types  does  r*ot  ea* 
octly  meet  your  requirements,  we 
will  be  hoppy  to  design  and  monu* 
focture  o  unit  to  meet  or  eaceed 
your  requirements. 


AEmCO  also  monufoctures  o  complete  line  of  Se¬ 
quence  ond  Automotic  Re-Set  Timers,  Time  Switches 
ond  Sign  Flashers. 


Mm  ToodY 

^  Your  inguiriei  ore  invited.  Ask  for 

V  coP)'  of  Refoy  Coto/og 

V  describing  off  itondord  refoys  in 
the  AEMCO  fine 


INCOneOR ATBD 


10  Stot,  St,  .  Mankato,  Minn. 
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C'ontcnts— Material  coxcrtcl  in 
the  text  includes  a  g(M)cl  section  on 
obtaining  tire  differential  equations 
for  inechanic-al  and  electrical  sys¬ 
tems,  a  chapter  on  steads  state 
errors  and  serso  system  s|>ecific;i- 
tions.  Analysis  then  proceeds  to 
the  riH)t-locus  and  frequency  re¬ 
sponse  methods  for  closed  loop 
systems  and  is  follosyed  hy  the  ssn- 
thesis  of  stahili/iition  networks  and 
the  equah/;ition  of  semmiecha- 
nisms  hascxl  on  the  root-locus  ap¬ 
proach. 

Modem  automatic  control  com¬ 
ponents  are  treated  in  some  detail 
with  consideration  given  to  practi¬ 
cal  engineering  limitations  on  their 
use.  Motors,  tachometers,  svn- 
thros.  gvros,  accelerometers  and 
pressure  transducers  are  included 
in  the  discussion.  The  two  eom- 
monlv  accepted  and  used  tech¬ 
niques,  describing  function  and 
phase  plane  analysis,  are  presented 
for  predicting  the  performance  of 
systems  containing  nonlinear  ele¬ 
ments. 

Some  aspects  of  the  text  which 
reflect  the  author’s  general  ap¬ 
proach  are  noteworthy.  I’or  one, 
in  the  treatment  of  eonstrnction  r)f 
r(H)t-locus  diagrams  the  mechanics 
of  producing  the  graph  are  segre¬ 
gated  in  one  paragrairh  and  the 
theory  iKhiiul  the  constructions  is 
given  m  the  following  jxiragraph. 
This  allows  an  instructor,  if  he  de¬ 
sires,  to  present  the  eonstrnction 
techniques  for  root-locus  diagrams 
without  at  the  same  time  assigning 
the  theorv. 

.\  second  point,  which  appears 


This  particular  little  friend  of  man  (left,  above)  has  been 
on  the  Sigma  payroll  now  for  about  ten  years,  which  explains 
why  he  can  be  called  “old."  Over  the  years  he’s  been  sent  out 
on  a  variety  of  switching  assignments,  where  neither  space 
nor  available  power  would  permit  using  a  St.  Bernard. 
Although  he’s  earned  a  reputation  for  being  pretty  dependable 
when  there’s  a  lot  of  shaking  and  tail  wagging  going  on, 
lately  certain  people  at  Sigma  have  been  hard  at  work  to  give 
him  more  class."  They  figure  that  with  his  background, 
he  might  be  able  to  show  up  a  lot  of  late -model  poodles 
in  cases  where  loads  hover  around  0.0000001  watt, 
or  in  the  native  vernacular,  dry  circuit"  applications. 

It  looks  now  as  if  the  Brink  of  Success  has  been  reached: 

98  out  of  100  of  these  refined  types  consistently  pass  our 
special  low  level  tests,  switching  10  microamperes  at  10  milli¬ 
volts  5,000  times,  with  all  operations  monitored.  This  is  100% 
production  testing  on  this  type,  and  the  2%  that  don’t  pass 
are  sent  to  a  horrible  end  (in  our  plant,  not  in  yours). 

As  a  matter  of  interest,  the  contacts  in  these  new  types 
for  low  level  work  use  24  karat  gold. 


In  case  your  circuit  is  considerably  more  moist, 
but  still  calls  for  long,  dependable  switching  that’s 
I  3  immune  to  high  shock  and  vibration  levels,  old  faithful 
1^  can  also  be  ordered  with  silver,  palladium  or  gold 
^  alloy  contacts.  The  silver  contacts  are  rated  up  to 
2  amp.  (resistive  load  at  120V AC  or  28VDC), 
the  palladium  and  gold  alloy  types,  0.5  amp.  Latest  facts 
are  available  in  a  Sigma  bulletin  entitled  "Series  22  Relay", 
a  straight  presentation  with  no  animal  pictures. 


SIGMA 

SIGMA  INSTRUMENTS,  INC. 

62  Pearl  Street,  So.  Braintree  85,  Massachusett 


Basic  Feedback  Control 
System  Design 

By  C.  I.  SAVANI’,  |R. 
McGraw-Hill  Book  Co.,  Inc.,  Xcvv 
York.  19S8.  418  p,  $9.50. 

Iliis  is  a  good  elementary  text- 
Irook  on  feedback  aintrol  system 
design  based  mainly  n|>on  root- 
locus  techniques.  However,  suffi¬ 
cient  coverage  of  frequency  re¬ 
sponse  methods  is  given  to  prov  ide 
a  complementary  understanding  of 
both.  Such  a  modern  approach  to 
senomechanisms  is  warranted  bv 
recent  developments  in  the  field, 
and  the  author’s  presentation  is 
lucid  and  direct. 


NEW  REFINEMENT 


MAKES  OLD  DOG  GOOD 


FOR  LOW  LEVEL  WORK 


3 


ELECTRONICS  ENGINEERS 

with  specialized  experience 

Senior  and  intermediate  positions  for  experienced  engineers  are  available 
with  Curtiss-Wright.  through  expansion  of  divisional  activities  in  these  fields: 

*  Analog  Computers  and  servo-mechanisms  *  Missile  Guidonce 


Digital  Computers  —  General  Purpose  and 
Real  Time 

(a)  Ltficil  Ottign 

(b)  (iicnilt  ond  Spitm 


Airborne  Navigation  and  Communication 
Radar  System  —  Pulse  Circuits 
Weapons  Systems 


Salaries  are  commensurate  with  your  abilities  and  experience.  In  addition, 
liberal  employee  benefits  are  part  of  the  program  of  this  diversified  organiza¬ 
tion  where  individual  accomplishments  are  quickly  recognized.  Positions  are 
open,  although  not  all  in  each  category,  at  the  following  Curtiss-Wright 
l)ivisions:  Flectronics  Division. Carlstadt,  N.J.:  Research  Division.  Quehanna, 
Pennsylvania  (40  miles  north  of  State  College  —  Pennsylvania  State  Univer¬ 
sity);  Aerophysics  Development  Corporation,  Santa  Barbara,  California  and 
Utica  Division.  Utica.  Michigan. 


Sand  dalailed  retumt  including 
lalory  requirementi  lo; 

T.  W.  COZINE 

Mgr.,  Engineering  Recruitment, 
Dept.  G-S, 

Curtiss-Wright  Corporation, 
Wood-Ridge,  N.  J. 


All  rapliai  confidential 

CURTISSWRIGHTb 

COtPOSATION  •  WOOD-IIDCE,  N.  J. 
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WE  ARE  SPECIALLY  ORGANIZED 
TO  HANDLE  DIRECT  ORDERS  OR 
ENQUIRIES  FROM  OVERSEAS 
SPOT  DELIVERIES  FOR  U.S. 

BILLED  IN  DOLLARS - 
SEHLEMENT  BY  YOUR  CHECK 
CABLE  OR  AIRMAIL  TODAY 


TYPI 

Cl 

7.3 

IMPIOJt 

ISO 

C11 

6.3 

173 

C2 

6.3 

171 

C22 

S.S 

184 

C3 

S.4 

197 

C33 

4.8 

220 

C4 

4.6 

229 

C44 

4.1 

252 

NEW 


MX  and  SH  SUBMINIATURE  COHNECTORS 
Constant  50n  63n  70n  impedances 


TRANSRAOlO  LTD.  138a  Cromwell  Rd.  London  SW7  ENGLAND 


•MUi.  nuutt.  UMta 


If  you  produce 

FERRITES 
ELECTRONIC  CORES 
MAGNETIC  RECORDING 
MEDIA 


. . .  then  let  WILLIAMS 
help  by  supplying  you 
with  latest,  authoritative 
technical  data  on 

PURE  FERRIC 
OXIDES 


MAGNETIC  IRON 
OXIDES 

MAGNETIC  IRON 
POWDERS 


Since  final  quality  of  your  production  of 
ferrites,  electronic  cores,  and  magnetic  re¬ 
cording  media  depends  on  proper  use  of 
3  specialized  groups  of  magnetic  materials 
.  .  .  you'll  find  it  mighty  helpful  to  have 
all  the  latest,  authoritative  technical  data 
describing  the  physical  and  chemical  char¬ 
acteristics  of  each.  This  information  is 
available  to  you  just  for  the  asking.  So 
send  today.  Meanwhile,  here  are  highlights 
of  each  product  group. 

Pure  Farric  Oxides:  For  the  production 
of  ferrite  bodies,  we  manufacture  a  com¬ 
plete  range  of  high  purity  ferric  oxide 
posvders.  These  are  available  in  both  the 
spheroidal  and  acicular  shapes,  with  aver¬ 
age  particle  diameters  from  0.2  to  0.8 
microns.  Impurities  such  us  soluble  salts, 
silica,  alumina  and  calcium  are  at  a 
minimum. 

Magnetic  Iron  Oxides:  For  magnetic 
recording— audio,  video,  instrumentation 
etc.— we  produce  a  group  of  special  mag¬ 
netic  oxides  with  a  range  of  controlled 
magnetic  properties.  Both  the  black  ferroso- 
ferric  and  brown  gamma  ferric  oxides  are 
available. 

Magnetic  Iron  Powders:  For  the  fabri¬ 
cation  of  magnetic  cores  in  high-frequency, 
tele-communicution,  and  other  magnetic 
applications,  we  make  u  series  of  high 
purity  iron  powders. 

These  materials  are  proilucts  of  It  illiams 
research  facilities.  For  your  com enienie,  «<■ 
maintain  fully  equipped  laboratories  for  the 
development  of  new  and  better  inorganic 
materials.  If  V  also  invesiigaie  new  belds  of 
application.  Please  write,  stating  your  prob- 
lem.  We'll  be  glad  to  cooperate.  Address 
Dept.  25,  C.  A.  Williams  A  Co..  640  N. 
I3th  St.,  Easton,  Pa. 


imr 
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C.  K.  WIlUAMS  &  CO. 

East  St.  Louis,  111. 

Eoston,  P*nna.  •  Emeryville,  CoUf. 
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HiGH  POI^EP  60AMD400€PS  TRAAfS/  MAGS 


STANDARD  LINE  OF  FAST  RESPONSE 


®  I 


TRAJVS/STGR  MAGA/ETiC 

AMPLiFfER 


FOR  SERVO  MOTOR  CONTROL  | 

For  driving  AC  servo  motors  in 
industrial  and  military  servo  sys- 
terns  which  require  hi-power, 
fast  response  and  (static)  high 
reliability. 

A  COMPLETE  SERVO  AMPLIFIER 
DRIVE  SYSTEM  IN  A  SINGLE 
PACKAGE 

TEMPERATURE  STABILIZED 
FAST  RESPONSE 
HIGH  GAIN 

INSTANTANEOUS  START 
SMALL  STANDBY  POWER 
RUGGED 

HIGH  RELIABILITY 
QUADRATURE  REJECTION 
SERVO  MOTOR  COMPATIBILITY 


60  CPS  PERFORMANCE  SPECIFICATIONS 


For  complete  60  CPS  and  400  CPS  specs  Write 
for  Bulletins  S>9f3  ond  S>914  Respectively 


MODE! 

A.C.  INPUT 
D.C.  INPUT 

M A- 1502 
MA-1S1I 

MA-1559 

MA-1561 

MA-1572 

MA-1581 

MA.1602 

MA.1611 

M  A- 1702 
MA.17I1 

MA.1802 

MA.1811 

MAI  902 
MA.1911 

MAX.  POWER 
OUTPUT  WATTS 

50 

100 

120 

175 

650 

1900 

2800 

TYPICAL  SERVO 
MOTOR  LOAD 

DIEHL 
EPF  49-9 

DIEHl 

FPF  49-12-1 

DIEHL 

FPF  66-11.1 

DIEHl 

FPF  85-18-1 

DIEHL 

ZP  105-2212-1 

DIEHl 

ZP  143-2247-1 

DIEHL 

ZP  162-2207-1 

SENSITIVITY 

A.C.  INPUT— 0.5V  A.C.  FOR  FUU  POWER  OUTPUT 

D.C.  INPUT— 2.5  MA  D.C.  FOR  FUU  POWER  OUTPUT 

RESPONSE 

0.1  >«<onds 

ambient 

TEMPERATURE 

-55X.  to  4-  71  ”C. 

MAGNETIC  AMPLIFIERS  INC. 

632  TINTON  AVENUE  •  NEW  YORK  55,  M.  Y.  •  OPIESS  2-6610 
West  Coost  Division 

136  WASHINGTON  ST.  •  EL  SEGUNDO,  UL.  •  OREGON  8-2665 


to  be  soincwliat  of  a  limitation,  is 
that  in  the  section  on  nonlinear 
analvsis,  major  emphasis  is  on  tlic 
describing  fnnetion  technic|ne 
which  is  essentially  a  freqncncv  re- 
sjMinse  method  of  analysis.  Un- 
fortimatclv,  the  treatment  of  the 
Xiehol’s  chart,  on  which  deseril)- 
ing  functions  show  up  most  clearly, 
was  not  carried  as  far  as  is  gen- 
erallv  accepted.  I'lie  author’s  treat¬ 
ment  using  Bode  plots  did  not 
yield  the  most  optimum  presenta¬ 
tion. 

In  all.  the  author  is  to  Ik-  con¬ 
gratulated  on  a  amcise,  thoroiighlv 
readable,  well  organi/.ed  text  which, 
though  more  directed  to  the  stu¬ 
dent  than  the  designer,  should  ha\e 
a  sery  useful  place  in  the  textbook 
literature  of  control  systems  engi¬ 
neering. — .\.  h',.  N.ssiimsn.  Kxeeii- 
thc  Kiigiiieer,  Fcdcra/  'f'elecom- 
iiiuiikatioii  /,ab,  .Viit/ev,  .V.  /. 


THUMBNAIL  REVIEWS 

l''|K)XV  Resins— riitii  \i)|>liciitions  and 
T'cchnolcigs.  It\  llctirv  l.ci.  and 
Kris  .Vtvillt.  MeC'.raw  I  lill  B<><ik 
Co.,  Inc.,  l‘)sT,  sl)>  p.  SS  1)0.  In 
aclditioi)  to  information  on  ejmsy- 
rcsin  synthesis,  enrnig  incclianisnis, 
enring  agents,  and  tiller  and  modi¬ 
fier  materials,  the  eleetromes  en¬ 
gineer  \sill  find  of  particular  mtirist 
the  chapter  on  easting,  potting,  eii- 
eapsnlation,  sealing  and  lightweight 
foams;  this  chapter  covers  fornmla- 
tion  and  prodiution  teehniqiies. 

Receiving  ,\erial  Ss  steins.  H\  I  .\. 
Davidson.  Philosophieal  l.ihr.iry, 
.New  T'ork.  lOsT,  I  >2  p.  ST  “s. 
C'.eiK'tal  eharaeteristies  of  hroadeast 
hand  and  television  receiving  an¬ 
tennas  are  covered  along  ssitli  spe¬ 
cific  types,  nieth(Kls  of  seleetion 
and  test  methods. 

Stereophonic  Sound.  B\  Norman  II. 
Crowimrst.  )ohn  l'‘  Rider  I’nh.. 
Inc.,  New  York,  I9s7.  I2S  p,  S2.2i 
(paper).  Introdnetion  to  sound 
fnndamentals  ami  principles  and 
uses  of  hinanral.  two  and  three 
channel  stereophonie,  steresonic 
and  coded  stereophonic  systems. 

I’iniieering  in  Industrial  Research— 
ITie  Storv  of  the  ('.encral  I'.lertric 
Research  Laboratory.  By  Kendall 
Birr,  I’lihlic  .\ffairs  Press,  \\  ashmg- 
ton,  D.  C.,  19s7,  204  p,  S4.S0. 
Policies,  problems  and  accoinplish- 
ments  of  CL’s  Research  lab  arc 
discussed  with  particular  attention 
to  research  in  lighting.  X-rays,  elec¬ 
tronics.  chemicals  and  metallurgy. 
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ELECTRO¬ 
MECHANICAL  I 

ELECTRONIC  i 

ENGINEERS 

A  HS  *>r  advanred  dcprees  in 
KK,  MF,.  or  Physics,  may 
qualify  you  for  a  rewarding 
career  at  North  American  Avi¬ 
ation,  in  one  of  these  fields: 
Flight  Control  Anulysis, 
Ifeliahility  Analysis,  F'light 
Simulation.  Systems  Analysis. 
Electrical  Systems  Analy¬ 
sis  anil  Df-sign,  Mission  and 
Traffic  Control.  Fire  Control, 
Bomhing  Systems.  Elec¬ 
tronics  Systems  Integration. 

Flight  Controls.  Ground  Sup¬ 
port  Equipment,  Airborne 
and  Electronic  Test  Equip¬ 
ment. 

Applied  Research  in  Ka- 
dome  Development,  Antenna 
Development,  Infrared,  and 
Acoustics. 

Please  write  to:  Mr.  F.  G. 
Stevenson,  Engineering  Per¬ 
sonnel,  North  American 
Aviation,  Los  Angeles  4.5, 
California. 

THK  LOS  ANOSLBS  DIVISION  OW 

NORTH  -tOt 
AMERICAN  I 

AVIATION.  INC.  I 


COMMENT 


I'hc  Saga  of  IX-af  Smith 

A  long  time  ago,  as  these  things 
are  measured  in  the  publishing 
game,  we  printed  a  note  (IX-velop- 
ments  Abroad,  Apr.  20  ’57,  p  44) 
to  the  effeet  that  some  enter]>rising 
Australians  at  British  I'arni  Equip¬ 
ment,  Pty.  Ltd.,  were  making  trac¬ 
tors  with  radio  controls.  I'iiiie 
passed;  the  magazine  Industrial 
nistribntion,  a  McC>raw-llill  piilv 
lieation,  picked  up  the  news  in  its 
April.  1958,  edition.  A  man  in 
Texas  saw  it  and  wrote  to  the 
editor: 

Your  announcement  of  a  radio- 
oixratcd  tractor  in  ,\nstralia  .  .  . 
apjxars  to  lx  issued  in  the  sense 
of  a  "first.” 

I  Ixliexe  if  you  will  check  on 
farming  methods  in  the  vicinitv 
of  Hereford.  Texas,  von  will  find 
out  that  radio-controlled  tractors 
have  Ixen  ojxrating  since  1951  and 
|K)ssibly  Ix-fore. 

In  my  utter  amazement  at  see¬ 
ing  a  traetor  cutting  Ixautifnl  fur¬ 
rows  with  absolntelv  no  one  in 
attendance,  I  forgot  1  was  driving 
40  mph  and  almost  wound  up  in 
a  ditch. 

Interrogation  on  the  subject  pro 
duced  the  fact  that  farmers  ran 
their  tractors  around  the  efixk. 
which  freed  them  cntirclv  for 
other  duties. 

W,  }.  Koi.i.i  R 
Briccs-W'kavi  R  Macuinkry  Co. 
Dai-i.-ss,  Ti'.x. 

Hie  editor  of  Industrial  Distri- 
bution  called  on  ns.  and  we  wrote 
to  Mr.  Koller  to  ask  him  aixmt  the 
reliability  and  plowing  pattern  of 
these  iintcnantcd  tractors,  not  wish¬ 
ing  to  cast  our  vote  for  any  device 
that  might  chop  iq)  the  local  ter¬ 
rain.  yVe  also  asked  him  who  made 
the  things,  lie  consulted  the  IX'af 
Smith  Chamlx'r  of  Commerce  who 
told  him: 

.  .  .  These  sclf-ojx'ratcd  tractors 
arc  controlled  strictly  bv  a  me¬ 
chanical  device  shop-made  here  in 
Hereford.  Guides  are  attached  to 
the  front  wheel  of  the  tractor  which 
follow  the  furrow  made  by  the 
previous  round  in  breaking  the 
land.  'The  tractor  cannot  m.ikc 
short  turns  since  the  guide  wheel 
would  jump  the  furrow  and  turn 
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i_  -r  CD. 

FLUTTER 

METERS 

Fof  the  most  complete  line  of  Flutter  Meters, 
there  is  only  one  source  —  d  &  r  LTD.  From  the 
meters  used  in  simple  maintenance  test  equip¬ 
ment  to  the  most  complex  standardization  and 
analysis  equipment  for  missile  flight  systems  and 
telemetering  systems  -  we  make  them  all. 


WIDEBAND  FLUHER  METERS 


MODEL  n  30  FLUTTER  AND  WOW  METER 


FmEutm 

A  convtnwnt  Instrument  ot  moderitc  cost  (or  uso  in  field  moin- 
tononco  ol  muSK-srsten<  tip#  recorders  and  reproducers,  and 
pAonofrapA  bimtabits. 

Specific  oMono 

Carrier  froquoncy  -  3000  cps.  itabilitad  oscillator 
BandeidtA  •  antAin  3  db  to  2S0  cps  modulation 
BandeidtA  Soloction  -  O.S  to  6  cps.  6  to  2S0  cps.  0  5  to  250  cps 
Scalt  Ranfts  -  2%  and  0  S%  full  scala  rms 
Price;  S22S.00 


MODEL  FL  4B  WIDEBAND  FLUTTER  METER 


Feetureo 

A  nary  sansilna  broadband  instrument  (or  laboratory  uso  m  tAt 
prKiso  moasuromont  of  small  amounts  of  fluttor  «HtA  compo¬ 
nents  up  to  5000  cps  Most  troquontly  used  m  laltmotarmi  and 
data  raduction  lysttms 
Bpecfficetlorie 

Carriat  Fraguncy  -  U.500  cps.  crystal  controtlad 
BandnidtA  -  D<  to  5000  cps  witAin  6  db 
BandwidtA  Soloction  -  Full  ran|a  above.  0  5  to  30  cps, 

30  to  300  cps.  300  to  5000  cps 
Scola  Ranios  -02%.  0  6%  and  2T)%  rms  full  scala 
Drift  Motar  -  c  2  0%  (raguancy  cAan(a  d.c.  to  4  cps 
Display  -  3-mcA  dat-faco  osciiloacopo  (or  duttar  analysis 
Price:  tM5.00  reck  nnounted.  $1000.00  In  cebfnet 


MODEL  FL  5A  LABORATORY  STANDARD  FLUTTER  METER 


Feeturee 

An  aatramoly  staNa  (tamoeratura  conboUad  dtscrinMIalorl  in- 
strumtnt  intA  fraat  sansibvity  and  aifandtd  bandvndtA  for  labo¬ 
ratory  vrorli  m  connoction  nitA  precision  mstrumontabon  data 
racordars.  GaAianomotar  outputs  providod. 

BpecWcotlorso 

C«riac  Frogutncics  -  40  Ac.  and  20  kc .  crystal  controHaB 
BandindtA  -  O  c  to  10  kc.  wtA  TOAc  carrier 
to  4  kc.  eitA  40  kc.  comer 

Indicotinf  tnstruments  -  Ltvcl  Motor,  and  k  2%  Drift  Motar 
Output  Sifnals  -  Scope,  too  lalvanomettr  outputs 
S^tlvity- 0.05%.  0.2%  and  2.0%  solactabla 
Drift  -  On  d<  (alvo.  output  lass  tAan  10  parts  per  million 
In  Vy  hour 

Price:  $3450.00  reck  mounted 


MODEL  FL  BA  BROADCAST  FLUTTER  METER 


Feetureo 

An  lestrumont  dist|nod  for  accurato  maasuranwnt  and  analysit 
ot  duttor  and  «o«  m  hi|Aeuality  audio  tapo  racordars. 
Spectficetlone 

Cimu  Fregunecy  -  BOOO  cps.  itabilind  oscillator 
Bond«ldtA-Ox.  to  1200  cpa. 

BanduiidtA  Soloetion  -  Full  ran|o.  0.5  to  30. 

30  to  300.  300  to  1200  cps. 

Scalo  Ram  -07%,  06%.  and  20%  rmt  full  icalo 
Ditplay  -  34ncA  oaciUoscopt  tor  eavaform  obatrvation 

Price:  $M5.00  reck  mounted,  $aa0.00  ki  ceblnet 

WRITE  FOR 

COMPLETE  INFORMATION  ANO  PRICES 


M  40e  F  .$st  CAiiT4«*'rd>/  Strep*! 

SnnU  P  irf  .v.»  r-tlif-  .m,* 

ReirNADit  I  rthaKf  Triepm^^f  ACXxiMnti 'j  i 
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mm 


the  specs  are  th 
the  BEST  BUYS  are  7777?!® 

for  COLOR  &  Monochrome  TV  servicing 


COLOR 

and  Monochrome 
dc  to  5  me  lab  &  tv 
S”  OSCILLOSCOPE 

:460 

*129“ 


Features  DC  Amplifiers! 


Flat  from  DC-4.5  me,  usable  to  10  me. 
VERT.  AMPL.:  sens.  25  rms  mv/ln;  input  Z3 
megs;  direct-coupled  &  push-pull  thruout; 
K-follower  coupling  bet.  stages;  4-step 
freq-compensated  attenuator  up  to  1000:1. 
SWEEP:  perfectly  linear  10  cps-100  kc  (ext. 
cap.  for  range  to  1  cps);  pre-set  TV  V  It  H 
ppsitlans  (30  &  7875  cps);  auto.  sync.  ampl. 
ft  lim.  PLUS;  direct  or  cap.  coupling;  bal. 
or  unbal.  inputs;  edge-lit  engraved  tucite 
graph  screen;  dimmer;  filter;  betel  fits  std 
photo  equipt.  High  intensity  trace  CRT, 
0.06  usee  rise  time.  Push-pull  hor.  ampl., 
flat  to  400  kc,  sens.  0.6  rms  mv/ln.  Built- 
in  volt,  calib.  Z-axis  mod.  Sawtooth  ft  60 
cps  outputs.  Astig.  control.  Retrace  blank¬ 
ing.  Phasing  control. 


JV-FM 


I  r-rm  SWEEP 
GENERATOR 
&  MARKER  ^368 


Entirely  electronic  sweep  circuit  (no 
mechanical  devices)  with  accurately-biased 
increductor  for  excellent  linearity. 
Extremely  flat  RF  output:  new  AGC  circuit 
automatically  adjusts  osc.  for  max  output 
on  each  band  with  min.  ampl.  variations. 
Exceptional  tuning  accurKy:  edge-lit  hair¬ 
lines,  6:1  vernier.  Swept  Osc.  Range  3-216 
me  in  S  fund,  bands.  Variable  Marker  Range 
2-75  me  in  3  fund,  bands;  60-225  me  on 
harmonic  band.  4.5  me  Xtal  Marker  Osc., 
xtal  supplied.  Ext.  Marker  provision.  Sweep 
Width  0-3  me  lowest  max.  deviation  to  0-30 
me  highest  max.  dev.  2-way  blanking.  Nar¬ 
row  range  phasing.  Attenuators:  Marker 
S‘ze,  RF  Fine,  RF  Coarse  (4-step  decade). 
Cables:  output,  'scope  horiz.,  'scope 
vertical. 


COMPLETE  with  steel  cover  and  handle. 

SPEEO,  ease,  unexcelled  accuracy  ft  thor¬ 
oughness.  Tests  all  receiving  tubes  (ft 
Color  ft  Monochrome  pic  tubes  with  adap¬ 
ter).  Composite  indication  of  Gm.,  Gp  ft 
peak  emission.  Simultaneous  sel  of  any  1 
of  4  combinations  of  3  plate  voltages,  3 
screen  voltages,  3  ranges  of  continuously 
variable  grid  voltage  (with  5%  accurate 
pot).  New  series-string  voltages:  for  600, 
450,  300  ma  types.  Sensitive  200  ua 
meter.  5  ranges  meter  sensitivity  (1% 
shunts  ft  5%  pot).  10  SIX-pasitien  lever 
switches;  free-point  connection  of  each 
tube  pin.  10  pushbuttons:  rapid  insert  of 
any  tube  element  in  leakage  test  circuit 
ft  speedy  sel.  of  individual  sections  of 
multi-section  tubes  in  merit  tests.  Direct- 
reading  of  inter-eiement  leakage  in  ohms. 
New  gear-driven  rollchart.  Checks  n-p-n  ft 
p-n-p  transistors;  separate  meter  readings 
of  collector  leakage  current  ft  Beta  using 
internal  dc  power  supply. 


c.e  the  50  EICO  models 
STOCK  at  you' 

_ r-f  “  b'irhood  distr  butor. 

MfJTuTI  Write  lo'  _ 

Catalog iSA 

33.00  Northern  Boulevard.  1. 1.  C.  1  -  H.  T- 
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the  tractor  wild.  Breaking  of  land 
is  the  only  operation  adapted  to 
this  drivcrlcss  tractor  operation. 

So  far  as  we  know,  there  has  not 
been  a  radio-operated  tractor  in 
this  area  .  .  .  innch  as  we  would 
like  to  claim  a  first  in  this  con¬ 
nection.  .  .  . 

\\\  M.  Lfndkrm.ln 
Dk.\f  Smmh  County  Ch.wiber 

OF  Commerce 
Hereford,  Tex. 

Mr.  Roller  left  “The  'I'own 
M’ithont  a  Toothache,”  as  Here¬ 
ford  calls  itself,  as  des])ondent  as 
(we  sus|K’ct)  the  C  of  C  was,  and 
promptly  told  us: 

I  goofed! 

My  humblest  apologies,  and 
three  hip-hips  for  Australia! 

W.  J.  Koeef.r 
To  which  we  arc  pleased  to  add 
a  dignified  “hurrah”  and  a  quiet 
“I  told  you  so.” 


Drone  Simcillancc 

I  have  just  fini.shed  reading  your 
interesting  article  “Drone  Market 
Kxpanding  Fast”  (May  30,  p  1  i). 

i  he  RC.\  Sen  icc  Company  has 
been  actiselv  engaged  in  the  drone 
pre^ram  of  the  .\rmv  Flcctronic 
Prosing  Ground  at  I'ort  Huachuca, 
.\riz.,  since  July  1977  as  a  prime 
contractor  for  engineering  assist¬ 
ance.  During  this  period  our  rue- 
son  Svstems  F.ngineering  haeility 
has  developed  the  prototspe  radar 
tracking  plotting  svstem  shown  m 
the  picture  (page  1 7);  prepared  test 
plans  and  assisted  in  testing  and 
data-rcduction:  and  dc\clo|xd  an 
interim  telemetry  system  consist¬ 
ing  of  airborne  components  and  a 
mobile  ground  station. 

J,  L.  I,.\NCF.VIN 

RCA  Service  Co. 

Tucson,  Ariz. 


Science  and  Technology 

W'hat  ever  happened  to  the  Sen¬ 
ate’s  bill  to  create  a  Department  of 
Science  and  Technology?  It  was 
scaring  the  pants  off  some  of  my 
friends  a  while  back  ,  .  . 

George  di  Grasso 
Baetimore,  Md. 

Still  bottled  up  in  conimittcc. 


EVERY  30  seconds,  somewhere  in 
the  free  world,  an  aircraft  makes  a 
touchdown  with  the  aid  of  the  ITT- 
developed  “ILS”— instrument  low- 
approach  system— produced  domesti¬ 
cally  by  Federal  Telephone  and  Radio 
Company,  ITT’s  largest  U.S.  manu¬ 
facturing  unit. 

This  famed  landing  system  is  only 
one  of  many  vital  products  made  in 
Federal’s  million -square -foot  plant. 
Federal  also  produces  Tacan,  Vortac, 
Data  Link,  missile  guidance  and 
command  systems,  automatic  check¬ 
out  and  ground  test  equipment,  data 
processing  computers,  countermeas¬ 
ures,  direction  finders,  fire  control 
and  radar  simulators,  radio  transmit¬ 
ters  and  receivers,  ATC  transponders, 
microwave  equipment  and  other  elec¬ 
tronic  and  telecommunications  sys¬ 
tems  for  air  navigation  and  military 
use. 

Men  of  ambition  and  skill  will  find 
Federal’s  diversity  a  fertile  field  for 
challenging  and  rewarding  opportu¬ 
nities...  in  country-like  atmosphere 
...only  minutes  away  from  the  heart 
of  New  York  City! 

For  Furthar  information  on  opporlunitiot 
at  Fodorol  —  loxotod  in  Clifton,  Now  Jor- 
«oy  —  write  to  ITT  Tochnicol  Plocomont 
Offico,  67  Brood  Street,  New  York  4,  N.  Y. 

FEDERAL  TELEPHONE 
AND  RADIO  COMPANY 


A  Division  of 


INTERNATIONAL  TELEPHONE 
AND  TELEGRAPH  CORPORATION 
67  Brood  Street  «  Now  York 
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EMPLOYMENT  OPPORTUNITIES 


As  far  back  as  1950,  G-E  enfrinecrs  and  sci* 
entists  beican  to  investigate  ballistic  missile 
detection  problems.  This  study  proirram  was 
part  of  the  longr-term  investment  in  elec¬ 
tronics  research  undertaken  by  General 
Electric... an  investment  that  is  a  major 
factor  in  the  selection  of  G.  E.  for  SMch  con- 
tracts  as  the  $100,000,000  pins  responsibility 
for  high-power,  long-range  snrvsillanco 
radar. ..BMEWS. 


MISSILE  DETECTION 
STSIEMS  SECTION 
OF  6EHERA1  EiECTBIC 
AUGMENTING 
SYSTEMS  MANAGEMENT 
GROUP 

Responsible  for  Development  arid  Design 
of  Long-Range  Detection  Systems 

NEW  0PENIN6S  FOR  ELECTRONIC  EN6INEERS 
TO  WORK  ON  RADAR  SYSTEMS  AND  COMPONENTS 

■  Research  and  development  of  new  detection  techniques. 

■  Initiation  and  development  of  proposals. 

■  Issuance  of  design  and  purchase  specifications. 

■  Liaison  between  military;  engineering  and  manufacturing  sub-contractors. 

■  Technical  and  financial  scheduling,  analysis  of  radar  programs. 


SYSTEMS  DEVELOPMENT  ENGINEERING 

(At  least  i  years'  experience) 

Radar  Systems  •  Systems  Analysis 

Data  Analysis  •  Computer  Programming  (704) 

Electronic  Countermeasures  Systems 

SYSTEMS  EQUIPMENT  ENGINEERING 

(At  least  2  years’  experience) 

Antenna  Design  and  Development 

RF  Components  Development 

UHF  AND  Microwave  Receiver  Development 

Data  Reduction  Equipment  D&D 

Video  Display  Development 

CJoMPUTER  Applications 

Salaries  fully  competitive,  commensurate  with  experience 


Write  in  confidence  to :  Mr.  James  P.  Kinsella,  Div.  27-WZ 


MISSILE  DETECTION  SYSTEMS  SECTION 

Heavy  Military  Electronic  Equipment  Department 


GENERAL 


ELECTRIC 


Court  Street,  Syracuse,  New  York 
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EMPLOYMENT  OPPORTUNITIES 


P 

H 

0 

PHOENIX 

N 

I 

X 

At  the  cross  roads  of 
opportunity  for  men 
in  Electronics 

GOODYEAR 

AIRCRAFT 

CORPORATION 

ELECTRONIC  LABORATORY 

Arizona  Division 
Litchfield  Pork,  Arizona 

A  Subsidiary  of  the 

GOODYEAR  TIRE  &  RUBBER  CO 

ENGINEERS 

IMMEDIATE  OPENINGS 
ELECTRONIC  PACKAGING 


Get  into  a  key  missile  program  at  BENDIX 
—  prime  contractor  for  the  Talos  missile 


Enijinccring  can  be  a  really  satis¬ 
fying  career — and  within  engineer¬ 
ing  one  branch  stands  out.  That’s 
Guided  Missiles.  If  the  missile  field 
is  the  one  you  want — hear  this.  We 
need  engineers  with  exceptional 
ability  who  can  handle  responsibility. 

.\t  Bendix  you  work  with  men 
who  are  outstanding  in  every  phase 
of  engineering.  You  use  facilities 
second  to  none.  You  do  work  that’s 
challenging  and  important — work 
that  offers  exceptional  opportunities 
to  build  your  professional  standing. 


You  will  enjoy  Midwestern  living 
at  Bendix,  too.  Fine,  four-sea.son 
climate  and  excellent  recreational 
facilities  arc  close  at  hand.  In  addi¬ 
tion,  Bendix  offers  you  a  lilx-ral 
personal  l>enefit  program. 

If  this  interests  you  and  you  want 
additional  information,  mail  the 
coupon  below  for  your  copy  of 
“Opportunities  Abound  at  Bendix 
Mis.silcs’’.  You  can  read  it  through 
in  half  an  hour — and  it  may  prove 
to  be  the  best  half  hour  you've  ever 
spent  in  your  life. 


RELIABILITY 
CIRCUITRY 
TEST  EQUIPMENT 
ELECTRO-MECHANICAL 
COOLING  SPECIALIST 


Leisure  Living  At  Its  Best 
'In  the  Valley  of  the  Sun" 


Modern  Inexpensive  Housing 


S«nd  t«;  A  E.  Monning 


Engineering  and  Scientific  Personnel 


Bsndix  froducft  Division — Mistilos 
403P  S.  Beigei  St..  Mishawaka.  Ind. 

Gentlemen;  I  would  like  more  intormation  concerning  opportunities  in  guided 
missiles.  Please  send  me  the  booklet  "Opportunities  Abound  at  Bendu 
Missiles." 

NAME _ 

ADDRESS  _ 

CITY  _  _  STATE - 


GOODYEAR  AIRCRAFT 

LITCHFIELD  PARK 
PHOENIX,  ARIZONA 

Similar  opportunities  available  in 
our 

Akron,  Ohio  Laboratory 
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ELECTRONIC  ENGINEERS  •  PHYSICISTS  •  MATHEMATICIANS 


TAKE  THE  ELECTRONICS  HIGHWAY 
WHEN  VACATIONING 
IN  NEW  ENGLAND 


99 


. .  and  visit 


TO  BOSTON  ^ 


MAIN  ST. 


Send  your  resume  to  Erling  Mostue 
WALTHAM  LABORATORIES,  Electronic  Systems  Division 


SYLVANIA'S  WALTHAM  LABORATORIES 


to  discuss  our  newest  projects 
and  your  professional  opportunities 


Cruising  north  along  Route  128  through  his¬ 
toric  Middlesex  County,  you’ll  see  Sylvania’s 
Waltham  Labs  high  above  the  highway.  Stop 
off  on  your  way  to  nearby  Lexington  for  what 
could  be  an  important  interview  about  a  fu¬ 
ture  in  advanced  electronics  with  Sylvania. 

Big  things  are  happening  in  your  profession 
at  Waltham  Laboratories.  This  is  where  Syl¬ 
vania  engineers  and  scientists  are  developing 
the  Data-Processing  nerve-center  of  BMEWS 
(giant  new  program  for  a  Ballistic  Missile 
Early  Warning  System). 

Work  on  PLATO  (AMM  system  for  which 
Sylvania  is  Weapons  System  Manager)  is  also 
centered  here . . .  plus  development  programs 
for  other  major  electronic  defense  projects. 


E»pr««»  arfry  around  Bo«ton  : 

Rt  126.  tn  h«art  o*  PHgrim 
Country.  Oolng  north,  tan* 

Exit  44  for  Sylvania  (12  mlias 
from  Boston  Common).  Many 
tourist  attractions  ars  closs 
enough  for  a  day's  slghtsesing 
And  128  connects  with  main  routes 
to  all  New  England. 


current 
opportunities 
at  Sylvania  are  too 
good  to  imss  by, . . 


DAU  PROCESSING 
LABORATORY 

•  Sr.  Development  Envinren 

•  Sr.  PacksKinit  Engineem 

•  Project  Engineers 

•  Sr.  Logical  Design 
Enginifrs 

•  Engineers  with  esp<>ricncc 
in  Kndar  Data  Handling 
and  Display 

f  I'rrviont  dii/ilal  data 
prorrming  exjiertenre  la 
imjiorfanl  for  moat 
a»»ignment§.) 


MISSILE  SYSTEMS 
LABORATORY 


e  Advanced  development. 
VHF  t  IIHK  submoni¬ 
toring  complex  radar 
systems 


•  Systems  analysis  A 
synthesis  of  complex 
radars,  their  design  and 
simulation 


•  Problems  in  atmospheric 
physics,  ionized  gases, 
astronautics 


AVIONICS  LAB 

•  Microwave  components 
design  including  multi¬ 
channel  filters  incorpo¬ 
rating  fast-acting 
microwave  switches 

•  Flush-mounted  broad 
band  airborne  microwave 
antennas 

•  Transistor  circuit  design 
A  development 

APPLIEO  RESEARCH  LAB 

•  Research  A  Systems  Appli¬ 
cation  in  Counter-Counter¬ 
measures.  Ox>erations 
Research.  Analysis  A 
Applied  Physics 


Interview  and  relocation  expenses  paid  by 
Sylvania.  Inquiries  will  be  answered  within  2 
weeks  Convenient  Saturday  interviews  arranged. 


T  SYLVANIA  V' 

SYLVANIA  ELECTRIC  PRODUCTS  INC. 

100  First  Avenue  •  Waltham  54,  Massachusetts* 
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DATA  PROCESSING 
AND  DISPLAY 


GUIDANCE 
AND  CONTROL 


COUNTERMEASURES 


INFRA-RED 


EMPLOYMENT  OPPORTUNITIES 


ELECTRONIC  ENGINEERS 

Interested  in  creative 
design  responsibilities  in 
the  field  of 


Bell  Helicopter  Corporation  if 
looking  for  graduate  engineers 
with  experience  in  design  and 
development  of  microwave 
ranging  systems,  aircraft  auto¬ 
matic  stabilisation  systems, 
analogue  computer  simulation 
systems,  system  analysis,  or 
transistor  circuit  desiqn. 

Send  rssume  to 

Fngin»»ring  Psrsennsf  Managor 


Fort  Worth,  Texas 


This  new  two-story  structure,  located  adjacent  to 
the  Engineering  Campus  of  the  famed  University 
of  Michigan,  is  the  physical  eye  of  the  Bendix 
Systems  Division.  Equally  divided  lx?tween  lab¬ 
oratory  and  office  space,  this  first  among  several 
new  units  of  the  Systems  Division  is  being 
completely  equipped  for  the  research  and 
development  of  advanced  weapon  systems. 

The  Systems  Division  is  a  creative  engineering 
and  scientific  group  devoted  to  the  exploration 
of  new  approaches  to  the  development  of  weapon 
systems.  Serving  as  a  focal  point  for  the  entire 
Bendix  Corporation,  it  assures  harmonious  tran¬ 
sition  from  lieginning  concept  to  final  system 
production. 

If  you  are  a  trained  engineer  or  scientist — or 
are  undergoing  training — and  seek  the  oppor¬ 
tunity  to  apply  imagination  and  ingenuity  to  the 
development  of  advanced  detection,  control,  or 
communication  systems  in  a  foremost  research 
and  development  environment,  contact  the 
Bendix  Systems  Division,  Dept.  B74  in  Ann 
Arlxir,  Michigan.  You  cannot  pick  an  organi¬ 
zation  that  offers  greater  opportunity  or  a  lietter 
social  and  cultural  community  in  which  to  work 
and  live. 


ELECTRONIC  ENGINEER 


For  Nuclear  Physics 
Research  Laboratory 

.  .  .  for  dMl|n  and  dovolopmont  of  ooulamonf  of 
variod  natvro.  from  D.C.  to  .001  mlcro*Mfond 
pulMt.  WIdo  oxaorlonct  utofvl.  bat  will  contidtr 
younfer  man  of  promito.  Salary  dopondi  on  pual* 
iOeatloni;  comparoi  favorably  with  Indvitry.  Ci* 
collont  worbing  eonditlont  and  atmotphorr.  Wrlto. 
itating  ago.  oducatlon,  oxporlonco  and  salary  dr- 
tirod  to^ 

UNIVERSITY  OF  PENNA. 

fortonnol  OfRco 
3075  Wolnut  St.,  Philo.  4,  Po 
Or  Tolophooo  Philodolphio 
EVortroon  4-0100,  Ext.  1143 


ENGINEERS 

If  >ou  have  born  looklnc  for  an  Kniplnrnifnt  Ax*  nrv 

that  la  aklllrd  In  tho  STATE  OF  tHE  ART  of 
Tt'chnlcal  Hrcmitmmt  and  RELIABILITY  OF  IN¬ 
FORMATION  concomlnc  poxltlona.  why  not  enm* 
niunlratr  with  ux  at  nnrr! 

AU-  l»ORITIONH  FFH:  TAin. 
FIDELITY  PERSONNEL  SERVICE 
1218  Clioatnpt  St.  Phlla.  7.  Pa. 

MprHoliaf  in  Arfofion,  Klerironi^  and  A'orUonini 


SllUNG  OPPOKTUNITY  OfftftFD 


Sale*  W-iiraaaiitatlvaa  Want-d  by  W-at  Coast 

Manufacturer  for  new  product.  Stock  line 
of  hixh  temperature  encapsulated  R.F. 
Chokes  desiirned  for  military  applications. 
NYT  Electronics,  Inc.  2979  N.  Ontario.  Bur- 
hank,  Calif. 


EMPLOYMENT 

PROBLEM? 


Bendix  Systems  Division 

ANN  ARBOR,  MICHIGAN 


Whan  you  ore  in  need  of  ipaciolizad  man 
for  specialized  jobs,  contoct  them  through 
on  amploymani  od  in  this  publication. 
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EMPLOYMENT  OPPORTUNITIES 


ELECTRONIC 

ENGINEERS 


needed  at 


MARTIN 


COMPUTER  ENGINEERS 


DIGITAL 

COMPUTER 


COMPARER 


DA 

CONVERTER 


SERVO 


OUTPUT 

“T" 


QUANTIZED 
ERROR  SIGNAL 


SHAFT  D 
ENCODER 


- J 


New  long-term  develop¬ 
ments  at  Martin  in  the 
field  of  electronics  have 
created  exceptional  op- 
|)ortunities  for  top  elec¬ 
tronic  engineers.  At  least 
5  years  experience  re¬ 
quired.  Salaries  from 
$0,000  to  $12,000. 

Openings 
in  these  areas: 

•  Circuit  Design 

•  Systems 

•  Inertial  Guidance 

•  Countermeasures 

•  Digital  Computers 

•  Test  Equipment  Design 

WRITE  TO: 

William  Spangler,  Manager 
Profeuional  Employment 
Department  E-7 
The  Martin  Company 
Baltimore  3,  Md. 

MARTIN 

BALTIMORE 


GENERAL  ELECTRIC  OFFERS 
EXCEPTIONAL  OPPORTUNITY 
TO  THE  COMPUTER  ENGINEER 
WHO  CAN  MEET  THESE 
REQUIREMENTS: 


...an  enjtinei'r  qualified  by  his  versatility  and  experience 
to  act  as  multi-project  advisor  in  the  Ordnance  Section  of 
General  Electric’s  Missile  &  Ordnance  Systems  Depart¬ 
ment.  A  specialist  able  to  determine  difrital  control  require¬ 
ments  and  specify  basic  digital  systems  design  for  digital 
computers. 

This  man  will  play  a  key  role  working  with  development 
groups  to  design  computer  subsystems  for  inertial  guid¬ 
ance  and  control  elements  of  TOP  PRIORITY  WEAPON 
SYSTEMS.  To  carry  these  responsibilities  he  must  have 
at  least  10  years’  experience  in  electronics,  plus  demon¬ 
strated  knowledge  of  military  computer  applications. 
Ability  to  ride  herd  on  development  until  schematics  are 
translated  into  functioning  hardware  is  essential  to  this 
position. 

Specific  requirements:  BS  (EE  or  Physics)  plus  design  & 
development  experience  in  pulse  and  digital  circuits,  com¬ 
puter  logic  and  memory,  transistor  circuits,  military  com¬ 
puter  applications,  systems  philosophy. 

Onhiniicv  Sectioti  is  baaed  hi  1‘ittHfield,  Masa.,  heart 
of  the  nerkahire  aaminer  and  u'iuter  recreation  caantry. 

Send  regume  in  confidence  to: 

Mr.  W.  S.  Fielding,  Ordnance  Section,  Div.  27-WZ 

Missile  A  Ordnance  Systems  Dept. 


GENERAL®  ELECTRIC 


Pittsfield,  Mass. 
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EMPLOYMENT  OPPORTUNITIES 


wa^york 


offers  the  opportunity 
and  the  challenge  of 
key  assignments  in. . . 


GUIDED  MISSILE 
ELECTRONICS 


ELECTRONIC  ENG. 
MECHANICAL  ENG. 


DESIGNERS-DRAFTSMEN 


Here  is  your  chance  to  prove  your 
ability  doing  important  work  on 
missile  fuzing,  guidance,  packaging 
and  related  test  equipment.  We  have 
key  openings  that  offer  you  the  oppor¬ 
tunity  to  move  ahead  rapidly  in  your 
profession.  At  Bendix  York,  you 
benefit  from  the  advantages  of  a 
small  company  atmosphere  in  a 
growing  division  of  one  of  the 
nation’s  largest  engineering  and 
manufacturing  corporations.  Also, 
you’ll  eiyoy  the  “good  life”  in  our 
beautiful  suburban  community. 
Good  salaries,  all  employee  benefits. 


Drop  w$  a  cord,  briof  ly  itoting 
yovr  •ducofion  A  •xp«ri> 

MIC*.  Wo'll  oct  Im-  ^ 

modUiloly  to  got  to«  '  \ 

gothor  with  yov  ^  I 

and  talk  it  ovor.  ADDRESS:  I 

^  PROFESSiONAl.  I 
/  PIACEAA&4T  / 

p  / 

AVIATION  CORPORATION 

V6tfc  DMsiOh 

York  47-2611 


ELE3CTR02SriC 

ENGI1THSE3R 


{  A  position 
i  tailored  to 
I  fit  the 
I  creative 
I  man 

is  this  your  idea  of  a  creative  assignment? 

Solving  complox  circuit  dooign  problomt  in  Ihoto  iioldi: 
oloctronic  miosUo  guidance,  momory  clrculU,  digital 
and  analog  dovicot.  airborne  radar  tytleme — pulse  and 
transistor  circuits. 

An  engineer  with  the  necessary  intellectual  curiosity  and 
an  inventive  mind  to  carry  such  problems  to  o  successful 
conclusion  can  go  far  at  the  G-E  Light  Military  Elec¬ 
tronic  Equipment  Department. 

Forward  your  resume  in  confidence  to: 

Mr.  RICHARD  C.  KIMM.  Room  Zl  VfZ 


LiCHT  MILITAMV  CLCCTI  OUIOMCNT  OCPAKTMCNT 


ELECTRIC 


V 


■ 


.  w  I  WM  IW 


RESEARCH  PHYSICIST 

Ph.D.  or  equivalent.  Man  with  background  in  solid  state  physics  for 
research  division  of  electronics  concern. 

Excellent  salary  and  working  conditions.  Submit  full  details  to 
D.  Bellat,  Personnel  Director. 

TUNG-SOL  ELECTRIC  INC. 

200  RIoomflold  Avenue,  Bloomfield,  N.  J. 


EMPLOYMENT  OPPORTUNITY 
RATES 

Th*  ASvarliMnirntt  In  thl<  MCttnn  IncluS*  all  •malarmanl  aasartunltlM 
sxMutiva,  fflanatamant,  ttcSnlcal.  wllini.  aSIct.  tklllMl.  manual,  ata. 


PotHient  Vacant 
Positions  Wanted 
Part  Time  Work 


Sailing  Opportunities  Wanted 
Selling  Opportunities  OfFercd 
Civil  Service  Opportunities 


Employment  Agencies 
Employment  Services 
Labor  Bureaus 


DISPLAYED 


- RATES - 


UNDISPIAYED 


Thp  arttrrtlslnf  rate  Is  tlA.S?  par  Inch  lor  all  art- 
TpriUlng  appaarlna  on  mbnr  timn  a  rontrart 
ha-il-i.  Contract  ratan  iiuotrd  on  iwiuast. 

An  aAvartlsini  Inch  is  maaauratt  Ts"  rarticallr  on 
a  column— .1  column*— SO  Incha*  to  a  pace 

.uubjact  to  Agency  fommlsalon. 

Send  NEW  ADS  or  inquiries  to 

ELECTRONICS,  P,  O.  Box  12,  N.  Y,  36,  N 


$2.40  ear  Una,  minimum  3  Unas.  Ta  Rsura  nO- 
vanoa  aaymant  oaunt  S  avarasa  wards  as  a  lias. 
Box  Numbars--rouni.4  a*  I  line. 

Posltlan  Wantad  ads  ara  at  abava  rata. 
DIseaunt  at  10*#  If  full  payment  1*  niada  In  td- 
vanca  for  4  ctHwacutlra  Inxartlon*. 

Not  mibjcc'  to  Agency  t’ommlmlon 

Clossifmd  Advertising  Division  of 
Y.  for  March  14lh  issue  closing  Feb.  21st. 
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WAR  TIRMINATION  INVINTORIES 

WRITE  OR  WIRE  FOR  INFORMATION  ON  OUR 
COMPLETE  LINE  OF  SURPLUS  ELECTRONIC 
COMPONENTS.  ALL  PRICES  NET  F.O.B 
PASADENA.  CALIFORNIA 


INVERTERS 


I004M  -A  Btndia 
DC  Input  14  volts; 

Output:  115  volts; 

400  cycits.  l-phast;  SO  watt  $35.00 

I3II6-2  A  Bandix 

Output:  IIS  VAC;  400  cyC;  singit  phasa.  4S 
amp.  Input:  24  VDC,  S  amps  $25  00 

12117  Bandix 

Output:  6  volts;  400  cydas.  6  volt  amparas, 
I  pnasa.  Input:  24  VOC;  I  amp.  $15.00 
12121  Bandix 

Input:  24  volt  D  C.  IB  amp  12000  r.p  m. 
Output:  115  volts.  400  cycia,  3phasa  250 
volt  amp.  7  pt  $40  SO 

12123  Bandix 

Output:  IIS  V;  3  phasa;  400  cytia;  amps 
.5;  Input:  24  VOC;  12  amp  $40  SO 


.5;  Input;  24  VOC;  f2  amp  $40  SO 

12126-2  A  Band* 

Output;  26  volts;  3  phasa;  400  cycia;  10 
VA;  6  PF  Input;  27  5  volts  DC;  I  25  amps 
$24  50 

I2I42-I-A  Bandix 

Output;  IIS  volts,  3  phasa.  400  cycia,  250 
VA.  Input;  27.5  VDC.  22  amps  Voltaqa 
and  Iraquancy  ragulatad  $00  SO 

12147-1  Pionaar 

Output:  IIS  VAC,  400  cyclas.  singla  phasa 
Input;  24-30  VOC;  B  amps.  $10.05  aach 
t02B5  Laland 

Outout;  115  volts  AC;  750  VA.  3  phasa.  400 
cycia  90  pt  and  26  volts.  SO  VA  smgla 
phasa.  400  cycia.  .40  pt  Input;  27.5  VDC. 
60  amps.  cont.  duty,  6000  rpm  Voltaga  and 
traquancy  ragulatad  $50  50 

10563  Laland 

Output;  115  VAC;  400  cycIa;  3-phasa;  115 
VA;  75  pt.  Input;  2S.S  VAt;  12  amps  $25  00 
FI6  iack  &  Hainti 

Output:  115  volts.  400  cycia,  1  or  3  phasa, 
250  VA  pt  9  Input:  27.5  volts.  20  amp 
Elactronic  traquancy  and  voltaga  ragulatad 
$00  50  aach 

PEI09  Laland 

Output:  IIS  VAC,  400  eye.;  smgla  phasa. 
1.53  amp.;  BOOO  rpm.  Input:  13  5  VDC;  29 
amp  S50  00 

PE218  Laland 

Output:  IIS  VAC;  singla  phasa  pt.  90; 
3B0/S00  cycia;  1500  VA  Input;  25-2B  VOC, 
92  amps.,  8000  rpm.;  Exc  Volts  27.5 
BRAND  NEW  $30  00 

AN  3499  Eicor.  Class  "A" 

Input;  27  5  volts  at  92  amps  AC  Output; 
IIS  volts,  400  cyclas;  3  phasa.  100  voltamp; 
continuous  duty  Prica  $39  50  aach 


TS1 48/UP  SPECTRUM  ANALYZER 

, _ _ — 8430  9580  me. 

For  usa  with 
various  X.band 
aquipmant  New. 
complata  with 
accassorias  and 
carrying  casa 
Limited  quan- 
tity. 

Prica  $095  00 


GENERAL  ELECTRIC  AUTO  PHOT  DIREC¬ 
TIONAL  GYRO  IN¬ 
DICATOR  and  CON¬ 
TROL  UNIT 

Mod.  8K63AC  IIS  volts, 
400  cps,  3  phase.  40 
watts.  Has  settable  in- 
ductioo  pick-ott. 


400  aCLE,  3  PHASE  GENERATOR 

BY  MASTER  ELECTRIC 

Type  AG,  framg  364Y, 
7.5  kw,  3428  rpm,  pf 
95.  Star  connected 
120/208  3  phase  22 
amps.  Delta  connected 
120  volt  single  phase 
66  amps.  Self  excited. 
Complete  with  control 
box,  voltage  regulator, 
AC  voltmeter  and  tre- 

3uency  meter.  Shaft  1" 
it.,  2"  long;  overall 
dim.  of  unit:  2r'x18"x 
20". 

Price  $395  00  each 


SELSYNS- 

SYNCHROS 


1CT  cont.  Trans  90'55V  60  cy. 

IDG  Dill.  Gan  90  90V  60  cy. 

IF  Syn  Mtr.  IIS  90V  60  cy. 

IG  Gen  115V  60  cy 

I  HOG 

IHCT 

IHG 

1SF  Syn  Mtr  115  90V  400  Cy 
2J1FI  Gan  115  57  5V  400  cy 
2JIF3  Gan  115  57  5V  400  cy 
2J1FAI  Gan  115  57  5V  400  cy 
2J1GI  57  5  57  5V  400  cy 
3JIHI  Dift  Gan  57  SV  400  cy 
2J501  Cont  Trans  105  55V  60  cy. 
2J5F1  Cont  Trans  105  55V  60  cy 
2JSH1  Gan  115  10SV  60  cy 
2J15M1  Gan  115,  57  5V  400  cy 
SCI  Cont  Trans  90  55V  60  cy 
50  Dift  Mtr  90  90V  60  cy 
500G  0:t1  Gan  90  90V  60  cy 
5F  Syn  Mtr  115  90V AC  60  cy 
50  Syn  Gan  115/90VAC  60  cy 
5HCT  Cont.  Trans  90  55V  60  Cy 
5SDG  Dift  Gan  90  90V  400  cy 
60G  Din  Gan  90  90V  60  cy 
6G  Syn  Gan  115  90VAC  60  Cy 
7G  Syn  Gan  115  90VAC  60  cy 
C56701  Type  11  4  Rep  115V  60  cy 
C69405  2  Type  1  1  Transm  IISV  60  cy 
C69406  Syn  Transm.  115V  60  cy. 
C69406  I  Type  1 1  2  Rep  IISV  60  cy 
C76I66  Volt  Rac  115V  60  cy 
C7B248  Syn  Transm  115V  60  cy 
C78249  Syn  O.n  115V  60  cy 
C78863  Repeater  IISV  60  cy. 

C79331  Transm.  Type  1-4  115V  60  Cy. 
851  Bandix  Autosyn  Mtr  22V  60  cy 
403  Kollsman  Autosyn  Mtr  32V  60  cy 
FPE  25-11  Diehl  Servo  Mtr 
75  115V  60  cy 
FPE  43  I  Resolver  400  cy 
FJE  43  9  Resolver  IISV  400  cy 


HIGH-QUALITY 
OPTICAL  PARTS 

5"  Schmidt  Ultro  £ 

Hi-$paad  Objactiva  I 
Ians  System  ■ 

Eastnson  Kodak  in- 
fro-red  receiver,  _ 
formerly  known  os  aw». 

U.S.  Ncjvy  Metoscope,  Type 
B,  7"  lorsg  with  5"  SCHMIDT ■ 
ultra-high  speed  Objectively  MttI 
Lens  (approx,  f  0.5).  Elobo* 
rote  optical  system,  mony 
ccxited  lenses.  Uses  2  pen- 
light  batteries,  (jovt.  cost  op- 
prox.  $300.  Foctory-new.  Ship- 
pirsg  wt.  9  lbs.  Price  $19.95 
Waterproof  Carrying  Cose,  extra.  Shipping 
wt.  3  lbs.  Price  $3.00 

Dual  purpose  U.S.N  tlocxllight  throws 
strong  beam  of  invisible  mfro-red  rays. 
With  infra-red  lens,  spare  sealed  beam 
lamp,  batteries.  Shipping  wt.  23  lbs. 

Price  $14.95 


DIFFERENTIAL 

Size  2fJ"  long,  11,(" 
dia.  I-I  reverse  ratio. 
1A"  shaft  on  each  end; 
one  shaft  25/32"  long, 
one  shaft  15/32"  long. 
Input  and  output  gear 
1-23.32"  dia.  53  teeth. 
Stock  No  ISO  $3.50  ea 


SIMPLE 

DIFFERENTIAL 

-  *  *R  *  reverse  ratio;  48 

teeth  on  input  and  out- 
put  gear,  I-I  32  inch  diameter 
Totai  outside  diameter  1-25  32 
■jjL  Y  inches.  Shaft  sire  is  Vt  inch 
One  shaft  is  9  16"  long;  other 
Stock  Na.  151  shaft  is  3/16"  long.  $5  00 


VARIABLE  SPEED  BALL  DISC 

INTEGRATORS 

No.  145 

Forward  &  Reverse  2'/4-0-2',^.  Input  shaft 

spline  gear  12  teeth  9  32"  dia.  long.  Out¬ 
put  shaft  IS  64"  dia.  x  15  32"  long.  Control 
shaft  1 1  32"  X  long.  Cast  aluminum  con¬ 
struction.  Approx  sire  3"  x 
3"  X  2V4". 

No.  146 

Forward  &  Reverse  4-0  4  In 

put  shaft  5  16"  dia.  x  I4' 

long  Output  shaft  15  64 

dia  X  9  16"  long.  Control  * 

shaft  II  64"  dia.  x  II  16" 

long  Cast  aluminum  con  $17.50  CO. 

struction.  Approx  sire  4',^" 

X  4>/j"  X  4" 

(All  Shafts  Ball  Bearing  Suppartad) 


SMALL  DC 
MOTORS 


tapprox.  sire  overall  344"  x  IIA"  dia.:) 

5067126  Delco  PM,  27  VOC.  125  RPM, 

Governor  Controlled  $15  00  aa 

5069600  Delco  PM  27  5  VOC  250  rpm  12 

5069230  Delco  PM  27.5  VDC  145  rpm  15 

5068750  Delco  27.5  VOC  160  rpm  w.  brake  6 

5068571  Delco  PM  27.5  VOC  10,000  rpm 

(1x1x2")  5 

5069790  Delco  PM,  27  VDC,  100  RPM, 

Governor  Controlled  15  00 

5BA10A118  GE  24  VDC  110  rpm  10 

5BA10AJ37  GE  27  VOC  250  rpm  reversible  10 
5BA10AJ52  27  VDC  145  rpm  reversible  12 
5BA10AJ50,  G  E.,  12  VDC,  140  rpm  15 

206-1001  PM  Planetary  Gear  Reduced 
Motor  with  Magnetic  Brake.  Mfgd.  by 
Air  Equipment  26  volts  600  ma  145  rpm  17 
5BA10fJ33,  G.E.,  12  VOC,  56  rpm  reversible  15 
806069  Oster  series  reversible  1  50  h.p. 

10,000  rpm.  27.5  VDC  IH"  x  3'/i"  5 

C-28P-1A  27  VOC  1/100  h.p.  7,000  rpm  3 
7100-B  PM  Hansen  24  VDC  160  rpm  7 

SSFD-6-25  Diehl  PM  27.5  VOC  10,000  rpm  4 
6-volt  PM  motor  mfgd.  by  Hansen  5,000  rpm 
I'A"  in  dia.,  2"  lorsg  overall  4.M 
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INC. 

87-17  124rii  St.,  Richmond  Hill  18,  N.  Y. 
Phono  Virgino  9-8181-2-3 
Overwu  Caitomen  Call  U«  DIractly  By 
T*l«x  Ovonaat  Talatypa  TWX  N.  Y.  4-4361 


ARC12 

Thil  t«t  providM  Radio  Teloohooo  Communicatloni 
in  the  frequeney  rant#  of  22$«350  MC.  Provision 
is  made  for  remote  seleetlon  of  any  of  the  9  ore* 
determined  main  channel  frequencies,  or  a  #uard 
channel  frequency.  Input  voltaqe  24v  DC.  Re* 
ceiver  and  Transmitter  crystal  controlled.  Com- 
olete  installations  availahle  POR 


EE-94-95 

CODE  PRACTICE  EQUIPMENT 

This  is  20  and  40  man  code  practice  sot.  This 
equipment  is  a  complete  setup  for  a  school  to 
teach  Morse  Code  up  to  100  WPM.  The  set 
consists  of  a  recorder,  turntable.  switchbMrd. 
TG*34  keyers.  code  keys,  headsets,  clock,  timer, 
wire  record  sot.  oscillator,  etc.  We  can  supply 
this  sot  from  a  current  production  contract. 
Write. 


SCR-399-499 

This  is  a  hiph  power,  transportable  communica¬ 
tions  center.  This  sot  may  be  mounted  in  a  shelter 
type  HO-17.  Frequency  coverape  is  1.5  to  18  MC. 
Power  output  300  watts,  oithor  phone  or  CW  opora- 
tion  may  be  used.  Receivers  are  also  included  with 
this  set.  Gasoline  power  plants  are  also  available 
te  run  this  set  in  the  field-  Sets  ready  for  im¬ 
mediate  shipment.  POR. 


VHF  RADAR  LINK 


the  set  operates  on  a  freq.  ranqe  of  78-102  me. 
This  equipment  will  accopt  video,  synch  pulses 
from  an  airborne  or  pround  radar  and  relay  them 
to  the  SRR-I  receivine  equipment  te  be  displayed 
on  a  remote  radar  indicator  such  as  the  VE,  VE. 
VG.  etc.  The  sot  will  transmit  a  band  width  of 
300  eye  to  2  me.  The  power  output  of  the  trans¬ 
mitter  Is  100  watts  and  has  a  ranpe  of  app.  150 
miles.  This  Is  the  type  of  equipment  used  in  the 
radar  picket  plane  to  relay  information  to  a  pround 
station.  The  ART-23  operates  from  MOv  400  eye. 
The  8RR-I  input  is  llOv  60  eye.  Write  for  priees. 


COUNTER  MEASURES  EQUIPMENT 

SEARCH  DETECTION 

AN/APR-4  38-4000  MC 
AN/APR-2  300  1000  MC 
AN/APR-5  1000-3100  MC 
AN  APR.6  I.OOO-IO.OOO  MC 

DIRECTION  FINDING 

AN/APA-17  300-10.000  MC 
AN/APA-24  100-750  MC 
AN/APA-48  140-300  MC 

PANORAMIC  AND  PULSE  ANALYZING 

AN/APA-6  Pulse  Analyzing 
AN/APA-II  Pulse  Analyzing 
AN/ APA-IO  Panadapter 
AN/APA-38  Panadapter 
AN/ARQ-5  18-80  MC  Receiver  Indicator 
AN/ARQ  8  25-105  MC  Barrage  Rec-Trans  Indicator 
AN/ARQ-IO  1.5  MC-50  MC  Receiver-Trans.  Jammer 
Indicator 

AN/ARQ-I  Thru  12  also  avail. 

AN/APA-23  Signal  and  Time  Recorder 

j  NOISE  GENERATORS 

I  AN/URA-TI  AN/URA-2T  MD-4/URA 

8  Shot-Noise.  Bagpipes.  Tone.  Random  Keying. 
Output. 

These  units  will  key  any  transmitter. 

JAMMER  TRANSMIHERS 

AN/APT-I  thru  10  25-3.000  MC  AN/APQ-15 

AN/APQ-I  thru  20 

AN/SPT-Series 

SCR-5%  t.5-30  MC  Barrage  Ground  Jammer 
TOY.  MRO.  8PT.  SPQ-TPQ-IAN/UPT-TI-T3.  T4 
Many  other  countermeasures  equipments  avail,  both 
hi  and  low  power.  These  equipments  can  be  used 
to  test  new  radar  and  computer  systems  for  sus¬ 
ceptibility  to  jamming  and  other  countermeasures. 
We  can  supply  complete  setups  covering  any  freq. 
from  100  KC  10.000  MC.  with  power  supplies  for 
mobile  operation. 


3"  Round 
Elapsed 
Time  Meter 


SI  2  75 


WESTON  PHOTRONIC  CELL . S4.S0 

PHOTO  ELECTRIC  Switch 

Darkness  ihrcms  the  .Hltrh 
— lumii  light  on  at  ilu'Ut  .  .  . 
off  at  dawn.  Fools  burglars 
who  watch  for  glgnH  of  an 
empty  houae.  .  ^10*^ 


— TELECHRON  Motors 

1  RPM _ $3.6S|S0  RPM  ..S4.SS 

2  RPM _ 2.90  I  3  RPHr  ...  2.SS 

4  RPM  ....  3.90  I  RP.2Hr..  2.90 
3.6  RPM...  3.IS  I  RPI2Hr..  3.23 

I  RPM— 30  Cyclaa.  $1.65 
Laboratwy  Swclal  [al  Each  Motor  $23 

d-e-l-a-y-e-d  a-c-t-i^-n  uoht  switch 

Shut,  light  off  automatioolly  alntont  o  minute  later. 
Kedie  porch  or  garage  light  rat  after  you  abut  it  off. 

$3.56 

DEALERS  WRITE  FOR  PRICES 


GLEASON-AVERY 

1800  synchronous  motor 

Il5v  18  watt . ..$4.50 

same  motor  8  RPM . . . 8.50 


HAYDON  TIMING  MOTORS 


I  Rev  4  hours  I15v . $1.70 

I  RPM  M5v  60cy . 2.60 

1  RPM  230v  60  ey .  1.00 

2  RPM  230v  60  cy .  1.00 

3  RPM  Il5v  60  cy . 2.60 

30  RPM  Il5v  60  cy . 2.60 

450  RPM  Il5v  60  cy .  1.30 

HANSEN  4RPM  Il5v  60cy  4.24 
CRAMER  4  RPM  Il5v  60  cy.  .4.65 
Laboratory  special  I  of  each  motor . $16.50 

RELAY  CONTACT  BURNISHERS  .59-2  for  $1.00 


PM  MOTORS 

Made  by 

DELCO  ar  DIEHL 
Ranevtd  tram  aauiamant 


$373 


BLAN 


LEGRI  S  COMPANY 

WANT  TO  BUY 

ALLEN -BRADLEY 

RESISTORS  &  POTENTIOMETERS 
all  your  excess  at  highest  prices 

SUBMIT  your  OFFERING  directly  to 

LEGRI  S.  COMPANY 

391  RIVERDALE  AVE. 
YONKERS  5.  N.  Y. 

Phone;  Yonkers  9-6000 


Your  inquiry 

will  have  special  value  .  .  . 

if  .vou  mention  thU  magazine.  Hhen  writing 
adverti'ient.  Neturelly.  the  publiHhtng  will  sp- 
preclate  It  .  .  .  Imt  more  important,  it  will 
Identify  you  sm  one  of  the  men  the  ad^ertiwer 
wants  to  reach  with  hin  meHHSRe  A  help  to 
make  po^Hible  enlarged  future  serTiee. 


SCR  584  M[il\ 
PEDESMLS 

Complete  360°  azimuth  &  full  olovotion  skv 
swoop  (210°).  Fully  equipped  with  azimuth 
&  elevation  motors,  potontiomotors,  solsyns. 
and  omplidynos.  The  ideal  antonno  systom 
for  sky  swoopinq.  trocking.  tolomotoring. 

In  Excellent  Condition.  Delivery  from  Stock. 
An  outstonding  buv  of  our  spociol  price. 
Control  consoles  also  in  stock.  Complete 
details  in  McGrow-Hilt  MIT  Rodiotion  Lob 
Series.  Vol  1  Rodor  System  Engirseering  & 
Vol  26  Rodor  Sconners  A  Rodomes. 


5S0 

FIFTH  AVE. 
NEW  YORK 
JUDSON 
6-4691 


PROFESSIONAL  SERVICES 


AMERICAN  GEOPHYSICAL  & 
INSTRUMENT  CO. 

Oliver  W.  Osborne 

Drsign  Sr  Ocfelopment  Of  lilectrical 
Instrumrntl 

RofOlrint  AU  Typtt  t1  BMrtroalr  KiiulymnI 
ITII  Mark.!  Htra.1  (lardana.  I'allf 

l)ArlaS;3fl7  DAUa  4  49.VI 


CROSBY  LABORATORIES,  INC. 

Murray  G.  Crosby  6  Staff 

Kadlo  •  Kleotronleo 
l>etelopment  A  Manufaeturlof 
(’omxnuDioationa.  F*M  A  T>' 

RobMiu  Lene.  Hlrkarille.  N.  T. 

WElls  t-81$l 


ELECTRONIC  RESEARCH 
ASSOCIATES,  INC. 

••TRANHKITOBIZF;"  Y0|:B  FRODITT! 
Cnapl.t*  Rarrlra  In  ronawlllBg.  mrarrh.  dn.lop- 
mant.  and  pnidurtlon  on  Tranil.tnr  rirnillry. 
prudwis  and  Inttrumantalloa. 

67  Fartory  Placa  fmlat  Omn»#.  N.  J 

rRnt.r  9-3000 


ERCO  RADIO 
LABORATORIES,  INC. 

Radio  Communications  Et/uipment 

Bhfloevfinp  •  Deolfn  -  I>ovolopment  •  l*roductloo 
Our  f7th  Teer  In  Air  to  Ground 
roaununlcatloo  and  lUdlo  Boacooa 
OardA  €2ty  e  boot  Island  e  Now  York 


MEASUREMENTS  CORPORATION 

Research  6  Manufacturing  Engineers 

Harry  W.  Houok 
Rparlallat  In  the  Dmlm  and 
Dmalopnirnt  of  ElKtronlo  Tmt  Inttrumaatf 
Itoontxm.  Naw  Jmaay 


ALBERT  PREISMAN 

Consulting  Engineer 
Talarlaloa.  Pula.  TMhnhiuaa.  Vldao 
Amplinm.  i’at«ot  iMhiUoal  ooaniltailon. 

016  Rt.  Andrawa  Lana.  Btlrar  Rprinc.  Maryland 


YARDNEY  LABORATORIES,  Inc. 

Research-Design-Developmenl 

Elartro-rhrmlral  Oanaratnri  of  Rnargy 

40-4H  Laonard  SIrart  Worth  6-3100 

New  York  IS.  N.  Y. 


RADIO  RESEARCH 
INSTRUMENT  CO. 
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MICROWAVE  CAVITY 

flRCRivtr  front  and  cavity  racanatar: 
TLifirn  XTiHt  t(»  iiH*  Htth  a 
Q  of  :«NNi  .Ml  itiim,  |>|M>  \  Input 
Vidm  mitptit  froiii  1.N27  cryMal 
JJay  bn  umhI  at  uuatlrr  COO 
nave  (i.l  to  1.4  liiiK’i.. 


SPECIAL  VALUES'! 

BC  911,  dual  coax,  •witeli.  ^’ith  (nnuntiorii. 

I  'rt*rul  up  to  400  me . 12.50 

90  dof  Hbowt.  *‘L'’  Itaml.  uitli  (tange'i. 

IManr  . $11.55 

Armaturo*  fiir  IllfMtt  (bnamutom  .  ...  $2.50 

Antonna  strain  Iniulatoft:  J<»tin-Mtn  •Lid  IM.  .$2.U0 
Sawtooth  ootontiomctor,  W  K.  r KSl.$l.'Ptl>M.  ItNl 

oliiitH,  ,'».7n  Watt  m-h(rr<*  %awt«Mith  rurrmt  aa^t*- 
form  .'Ati  (l**x.  eamtin.  MHatlun.  llrtmht^  I  km  <|«>g. 

apart  . $2.oO 

Capacitor.  GC  l^ranol.  «14$Mti3.  m.2^  uiM  S.'V.inhi 

Ulc  . $19.95 

Rocaivar  front  and  cavity  roaonator;  Tun«^  27tNi  to  .t4iH) 
nir  nttii  a  ItHKlnl  nf  ;tiNNi.  Ml  tihiii.  I>p^  N  input. 
Viftni  mitpui  fmm  1N27  cr>'>ial.  51a>  In*  iiHt**!  at 

•iiiart«*r  wait*  (1.1  (<»  14  knu  i .  $22.50 

10  CM  ANTENNA  ASSY.  (Airtaunn  tir  ilt^h  atth 
('<»a\.  ifipiili'  $'t»ral  length  U  ItPo**  llorti. 

polarlaatnai.  iMi  itrg.  aiiiuuth.  Tilt:  plu«  ati<l  nilnii'* 
211  (leg  2M  «i|e  diive  iiiiMor,  %rU\n  takrntfT  $95.00 

CRYSTAL  OVEN.  II  lllry  aTi'O  211.  Uatal  lia^.  with 
pMMl«4<>n  lor  i  rr)«taU.  9..'IV  heater  7-$  <leu 

tvni  .  $2.50 

COAX.  SWITCH.  4  pi»>(.  ■'•2  imp.  Kitted  with  type 

\  (■•(nn«*<'t(.r4.  1  up  to  :ijmmi  me.  .  $17.50 

FILTER,  \rtinetal  Une.  Wf;t  If  I»19.‘ll9ti,  HMi  <ihm<* 

imp  in'«erti«>n  h»sa.  5  db .  $17.50 

Barty  thoefc  mawntt:  mn.  S«i4\  <'  2«hui.  r  2ii7m.  t 

2(rHi  .  454  oa. 

Trihadral  radar  raSoetar.  MK  I.  aliiniinum.  $3  50 
SPLICER,  tnr  11  la  pt'rfnratnr  tape  WM  tl  s\  HlN.Mt 
211  S«  H  S4TW  fl|K.%!4  2«i  t'miiplHe  <iet.  with  Diiiti 

tier  tape  di«p«n«er .  $9.50 

MN  2BY  Control  Sox.  unit  of  MN  29  rtmipa^.  New  t  :.T% 
Noita  SItarv.  .\|aihtrY  .\$'  1.  1<NI  amp  '1.*itde.  .  .  .  $1.00 

Powar  lupoly  unit.  na«)*t>pe  Kl.  2.  Input:  11% 

«n«-  twi  e%.  iiutput;  13%  tde  111  ma  IMI  »(fe  %ma ;  .3 
»de  .3H«  ma  Nevi.  ctmiplete  with  ^pare  parl^  la»\ 
Tit  Im>  tiwd  Midi  iiKxlei  Titx  radhi  gear.  $9.50 

Hydrophona  MODEL  MI-2.  A  laittre  <4  3  m^taU  In  a 

di«k  like  stnniiirr;  I7  .37  Kr .  $27. 50 

AN  CRW-2A  UeiiMite  euntriil  m'ehrr,  fur  operating 
target  planeik,  etr.  Neu.  hiiIi  •iMin'Ipnetf  mounting 

ho\  $34.50 

TEL.  REPEATER.  EC  99.  omiplete  with  iutie.«  and 

te«*h  manual  . $17.50 

TEL.  REPEATER.  EE  99.  with  12  «de.  vibrator  p<mer 

Hiifplv  il*K  2M4i  .  549.50 

F.T  4R  lOI-A,  Two-wire  appll«iue.  (^mtainn  e<tuallxtng 
detleeo.  ami  ItalaniMtig  elrnilt.  r%e«t  for  ailapting  2 
wire  milltarv  rlreult^  to  4  wire  •«)Men>« .  $47.50 


WAVEGUIDE  FLANGES 


MICROWAVE  MAGNETRONS 


UG.39/U 

$1.20 

UG  51/U 

UG  40/U 

$1.65 

UG  52/U 

UG  40A/U 

$2.00 

UG  52A/U 

HELMHOLTZ  PHASE-SHIFTER 

4tator  i*«>nMHf%  ot  4  liMip-*  oriented  at  !mi  degree<4  to  each 
other  Total  ifator  lndu(*tanee  i%  4«'MH.  Kotor:  |mMH 
Total  p4ia*>e  shift  n  3t»tl  deg.  Resigned  for  C^ 
range  unit  of  »«  K  . 


COMMUNICATIONS 


2J2IA 

$3.50 

2J37 

$9.00 

2J62 

2122 

$7.50 

2J38 

$12.50 

725A 

2i26 

U.M 

2J39 

$12.95 

QK60 

2J27 

$3.50 

2J49 

$30.00 

QK9I 

2J3I 

$12.50 

2J6I 

$8.25 

QK62 

EQUIPMENT 

343  Canal 


Phone:  CAnal6-^ 


DIRECT  ALL  INQUIRIES  TO  DEPT.  E7 


MICROWAVE  ANTENNAS 

AT49/APR  llroadtiand  <  oniral.  .3<Mi-3:hMi  Mt  .  $9.95 
3  CM  ANTENNA  ASSEMBLY:  I  ves  17*  paraboloid 
didt.  i»peiaitng  from  24  vde  motor,  lieam  pattern;  % 
(leg.  in  both  Ailiuuth  and  ele\ath*n.  Set'tiu  S«‘an ; 
over  Ihti  deg.  at  3%  '^anv  per  minute.  Kle^atnm  St'an 
oter  2  (leg  Tilt,  ther  24  deg  ..  $35  00 

3  CM  Hprn.  1*  \  with  twid  and  ixii  drg.  Iiend. 

>Mth  dieleriric  wimlow  ...  .  $22.50 

Otacana  Antanna.  VH  12%  .\I*K  I'kmi  me  Stub 

•.iipported  with  t\pe  ".\**  ( '«aiiie«’tor . $14.50 

ASNA’AP.  IM  <  31  pl(’k  up  dipole  eonipiHe  w 

h*nk'h  of  (Htax  and  N”  cvmne*  tors  . $4.50 

39*  ParaPalic  Kef1*s't(»r  Spun  .\lumlitum  dNh  1«<S' 

K.vtis  .  $4.95 

AN/APA-12  Kertor  S(an  adaptor  for  .\l*f<  2  tadar 

(ompMe  Kit  .  $37.50 

10  CM  ANTENNA  ASSY.  lAIrttome*.  3<>**  dish  with 
OMiv.  (Ilpi'le  fe^sl  KiM'al  length  1«  ItlHi*  llofli  polart 
aatlon.  1%M  'leg.  axlmuth  Tilt  ,  plus  ami  minus  2«t 
(leg.  24  vdr  drive  HHitm.  srUvn  taktstff  $95.00 


MEDIUM  POWER  PULSER 


The  MIT  MOD  III  PULSER  la  a  lightweight,  medium 
p(mer  radar  iiMMiulator  using  an  42!r  It  In  a  regenera- 
tite  hhH’king  (eMillator  lireuit  feeiling  a  71511  power 
ampliOer.  Peak  output  Is  12  KV  at  12  .kiiips  into  a 
(i..%,  l.ti-2usec.  ar  a  Umni  (dim  load.  I*ulse  widths  are 
duty  rati(»  of  O.tHll.  Krimar>  power  reiiuirementv  are: 
11.%  vae  4tMi  I2IHI  ep'  .3.5.3.  .klso  2M  vd«'  at  .%  Amp.  An 
external  trigger  of  at  lea.st  .%il  v.  peak  Is  re<|ialred.  .VII 
units  are  new.  ouuplete  with  all  tubes,  pressurised 
iKMising,  and  M’hematir  diagram  COT 

(liefer  to  KadUb  Series.  Vo|.  .%.  See.  %.  t 


PULSE  TRANSFORMERS 


^S^ 

352*7150.  I*rtmar>  %m  ohms.  Heeondary 

lotNi  ohms  12.'hhiv.  12.0  Amp^^^^^pV 

13ilse  .  1  (»r  2  us**c.  at  (Nil  duty 

ratio.  Kitted  with  magnetron  well 
and  htfllar  winding  for  flUment  sup 

plj  . $22.50 

K-2745  primary:  3.1. 2. H  KV.  .%ti  (dims  Z  Second  a  rx : 
14  12.0  KV  102%  (dims  Z  Ibilse  length:  0.2%/l.o  usee 
MV  rgNi  tpHi  IM^S  Kk  power  2tMi  |.%u  KW’.  Itiniar:  1.3 
Vmp.  Mas  "iHiilt  in*'  magnetnm  well...  $32.50 
K*249I*A  Primary:  3.1  2.0  KV  %o  ohms  tlinei.  S»h’- 
omlary  14  II. %  KV  1<Hni  ohms  Z.  Ibilse  length:  I 
iws*  «g  OiNi  ppS  l*k.  Power  Ihii:  2o«i  1.30  KW  Kftllar 

13  Vmp  Kitted  with  magnetron  well . $29.50 

GE  3K-2449A.  Piitiiary  :  9  .33  KV.  .%4i  idiniv  Imp  See- 
(in'tarx  :  2^  KV.  4%o  ohms.  Pulse  length;  l.o%  ■%  usec 
M  H:i%  120  ITS.  PK  Power  (Hit:  1.740  KW.  Ititllar: 

1.%  amps  lav  shown)  .  $62.50 

GE  #K*2749-A.  o  %  user  m  2(Hhi  pps.  Pk.  l*wr.  out  is 
32  KW  impedam*e  4ti:l>Hi  ofun  output.  Ibi.  volts  2.3 
KV  l*k.  See.  volts  11..%  KV  Pk.  Illrtlar  rat(*«l  at  1..3 
Amp  Kittetl  with  magnetnm  .. $24.50 

I.  F.  AMPLIFIER  STRIPS 

Model  15:  3u  me  ivnter  (teii.  11. W  2.%me.  (lain:  H.%dh. 
Uses  %  Stages  of  o.vt'T.  lias  IN'  reHtorer  and  video 
detector.  Input  impedance:  .%o  ohms.  I.ess  tubes  $15.00 
30  Me.  IK  strip  I  ses  H  O.VCT  llamlwidth  Is  2mc  Cain: 
120  db.  .New.  eomplete  with  all  tubes  and  schema 

tie  .  $18.50 

90  MC.  Miniature  IK  strip.  Using  6AK.%’s  OO  Me  renter 
Kre.i.  Cain;  Jt%  db  ar  llamlwidth  of  2.7  Me  New 
t  ■omplt^tewiflwubes^^^^^^^^^^^^^^^^  ,  $15.00 

10  CM  ANTENNA 

thaeon  antenna.  .VS31  VPN  7.  (»mni 
^  ^  direetl(*nal.  Kadiatlng  sur 

(^PM%  f*‘4»  enel«»sed  in  weather 


pr(M<  tuettr  ball#lO  CO 
Type  feed  #14. DU 


LARGEST  STOCK  OF 


RELAYS 


IN  THE  WORLD 

SOLENOIDS  •STEPPERS 
SENSITROLS 

PRODUCTION  QUANTITIES 

MOST  MAKES  IN  STOCK 

Send  for  Latest  Catalog  E 


IpV\vV,\v\A^'v^V«V»*V^ 

niversal  relay  corp. 

fanwarfy  Uarvargaf  Ce^raf  Ca*a 


47WHITE  ST.,  NEW  YORK  I3.N  V  •  WAIk«r  S.*2}7 


BEARINGS - 

Mlniatur*!.-  PracUlon;  SlalnlMi  SImI: 
Spacial  SUai.  Tolaranc*  &  Conslnictlon. 
RAWAY  REARING  CO 

4.(  Ftnyth*  8t.  Walkw  S.llaO  N.  Y  C.  2.  N  Y 


Monty  saving  priras  on  tubas.  TV.  Radio,  Trans* 
mittinf,  and  Industrial  Typas.  Naw.  lit  quality, 
fuarantaad.  Top  nama  brands  aniy.  Gavarnmant 
surplus  and  eammartial  fast,  lab.  and  communica* 
Mans  aquipmant  in  vtock.  Rail  us  your  aacass  tubas 
and  aquipmant.  Unusad.  elaan  tubas  af  all  typas 
wantad.  Sand  spacifte  daUilt  In  first  lattar.  Wiita 
for  **Graan  Stia^"  eatalaq  2SP. 

BARRY  ELECTRONICS  CORP 

512  Broadway  WA  5*7000  Naw  York  12.  N  Y, 


NEED  METERS? 

STANDARD  or  SPECIALS 

ANY  QUANTITY-NEW-MILITARY 
"UK  AIRCRAH-HAMS 


raELECTRI 
AIRCRAI 

A  I  I  MAKES- 

MLL  ranges 

METERS 


MAKES-MODELS 

RAN6ES-SIZES 


REPAIRED 

RESCALED 

RECALIBRATED 


WRITE  -  PHONE  -  WIRE 

A  &  M  INSTRUMENT  SERVICE 
INC. 

76-14  Woodside  Ave. 

Elmhurst  73,  N.  Y. 

CAA  No.  4264  Ltd.  HA  9-2925 


HARRY  KRANTZ  CO. 

(h*  largest  RESISTOR 
stock  in  the  Country 
Treroendoui  Quontitioi — >'2,  1  &  2  W. 
40  to  70*.  oil  miq.  price. 

•V  Chtmbcri  St.,  N  Y.  C.  13  WO  3-S727 


V.  H.  F.  U.  H.  F. 

ROO  RECEIVER 

38  MC  to  1000  MC  pracision  Racaivar 
covaring  complata  range  using  3  turning 
units.  The  RDO  is  a  high  qualily  Navy 
search  receiver  using  the  soma  turning  units 
as  the  APR-4,  but  has  additional  faoturas, 
such  os  input  and  output  signal  strength  DB 
nvatars,  audio  outpi/t  metering,  noise  limiter, 
greeter  stability,  4or  noise  meosuring  etc. 
input  10V60CYC.  Ponadaptor  output  ovoil. 
Complete  W  3  turning  units. 

Brond  neve,  original  boxes.  M5950 

Govt.  ocq.  cost . $1500  00 


KEADPHONES-MIKES*CORDS 

Permo  Flux  $4500  HI-FI  Heodset — Uses  an- 
nulor  grooved  plastic  fibre  comes  with  voice 
coils  os  in  speakers,  ond  brond  new  rubber 
ear  pods  to  obtain  spacing  for  correct  ocous- 
tico!  lood.  GIVES  FINEST  MUSIC  REPRODUC¬ 
TIONS!  Imp:  300  Ohms  per  unit  or  600  Ohms 
when  wire  series. 

BRAND  NEW  . $^.95 

Less  Heod  Bond . 

Write  (or  flyer. 

R.  W.  ELECTRONICS 

Dept.  1. 

2430  S.  Michigan  Ave.  Chicago  14,  III. 
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SEARCHLIGHT  SECTION 
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HIGH  POWER  RADAR  MODULATOR 


27.5-KV  AT  46  AMPS 


Line  type  usin^  (2)  SC22  hydrogen  thyratron  keyers  with  driver  stages  and  power  supply.  Primary  of  high  voltage  transformer 
tapped  for  ad|ustment  of  output  pulse  amplitude.  Pulse  width  of  4.5  microseconds  at  rep  rate  of  200  pps. 

Modulator  output  voltage  is  approximately  5  kv.  This  is  stepped  up  by  matching  pulse  transformer  (which  is  included)  to 
approximately  27.5  kv,  pulse  transformer  has  bi-Piler  windings  for  2.2  amp  filament  (filament  transformer  not  included). 

This  modulator  was  used  with  a  type  5J26  magnetron  with  400  kw  output  at  1,200  me. 

These  units  are  in  excellent  condition  and  all  components  are  fully  guaranteed.  Input  requirements:  1 15  I '400. 

Matching  pulse  transformer  and  schematic  diagram.  We  can  also  supply  115/1,400  generators!  All  for  S4S0.00 

ANTENNA  ROTATING  PEDESTAL 

U.  S.  Army  type  AB-8ArGP.  Removed  from  model  ^^G-)  radar  systems.  These  pedestals  will  handle  a  tremendous 
rotating  load.  On  the  MPG-1  system  the  rotating  antenna  weight  is  over  1,000  pounds,  with  a  cross  sKtional  area 
of  approximately  50  square  feet.  Rotating  motor  is  115  volts  d.c.  reversible.  (MP()  system  used  and  amplidyne  for 
varying  speed  and  direction)  antenna  rotating  speed  is  approximately  3.3  r.p.m.  51  contacts  are  transmitted  through 
the  slip  ring  assembly  plus  a  rotary  joint  for  4  kv.  Pulse  line  (present  wiring  utilizes  M  wires,  4-75  ohm  CO-AX  cables 
and  48  ohm  pulse  cable)  azimuth  information  output  size  "5"  Selsyn  generators  1:1  36:1  and  control  transformer  lil. 
_ (lhe*4— <)  5450  00 _ 

RADAR  OR  COMMUNICATIONS  VAN 

Front  wheels  removable  for  conversion  to  semi-trailer.  Overall  length:  240",  width:  96",  height:  130".  Two  rear  wheels  open 
to  full  width  and  height.  Manufactured  by  Fruehauf.  Internal  wiring  for  115.'l.'60  and  24  volts  d.c.  Extremely  heavy  duty 
Maximum  pay  load:  14,(X)0  pounds.  Excellent  for  field  electronic  use.  (Used-eitremely  serviceable)  $995.00 

LABORATORY  X-BAND  RECEIVER  (8500-9600  MC.) 

This  receiver  is  ideally  suited  as  a  general  purpose  laboratory  test  receiver.  It  is  completely  self-contained  and 
requires  no  external  controls.  Waveguide  ii^ut  and  output  is  type  RG-52  (Vz"  x  1").  Duplexing  normally  used  with 
40  kw  magnetron  (2J5))  however,  TR  and  ATR  boxes  are  rated  to  l(X>  kw.  I.F.  frequency:  30  megacycles,  band  width: 

10  megacycles,  A.F.C.,  built-in  crystal  meter  and  2"  A-scope.  Provisions  for  external  S.T.C.  This  unit  has  provisions 
for  remote  or  local  control  of  all  functions.  Power  input:  IIS,  1/60.  All  units  are  checked  out  and  in  excellent 
condition.  Model  .jCR-l  IS/MPG-1  (including  schematic  diagram)  $29$.00 


RADAR  DIVISION 
RAMAGE  &  MILLER 
ENTERPRISES 

3221  FLORIDA  AVE. 
RICHMOND.  CALIF. 
PHONE  BEocon  4-7061 


MERCURY  PULSE  DELAY  LINES 

44(X)  microsecond  delay,  band  width  of  at  least  500  k.c.  at  8.2  megacycles.  Overall  insertion 
loss  of  less  than  80  db.  Utilizing  crystal  transducers.  With  input  and  output  via  B.N.C. 
connectors.  These  units  were  removed  from  new  equipment.  Each  unit  contains  32  pounds 
of  mercury.  $195.00 

TERMS:  2%  10  DAYS  NET  30  F.O.B.  RICHMOND,  CALIFORNIA 
This  is  a  partial  listing.  Please  write  for  our  flyer. 


SEARCHLIGHT 

EQUIPMENT  SPOTTING 

SERVICE 

This  service  is  aimed  at  helping  you,  the  reader  of  "SEARCHLIGHT",  to 
locate  surplus  new  and  used  electronic  equipment  and  components  not 
currently  advertised.  (This  service  is  for  USER-BUYERS  only)  No  charge 
or  obligation. 

How  to  use:  Check  the  dealer  ads  to  see  If  what  you  want  is  not  currently 
advertised.  If  not,  send  us  the  specifications  of  the  equipment  wanted  on 
the  coupon  below,  or  on  your  own  company  letterhead  to: 


SEARCHLIGHT  EQUIPMENT 
SPOTTING  SERVICE 

Electronics 

Classified  Advertising  Division 
P.O.  Box  12,  N.Y.  36,  N.Y. 

Your  requirements  will  be  brought  promptly  to  the 
attention  of  the  equipment  dealers  advertising  in 
this  section.  You  will  receive  replies  directly  from 
them. 


Searchlight  Equipment  Spotting  Service 
c/o  Classified  Advertising,  ELECTRONICS 
P.  O.  Box  12,  N.  Y.  36,  N.  Y. 

Ploos*  htip  us  locoto  tho  following  equipmtnl: 


CITY  . ZONE 
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roriMirtiltoii  . 

A|»|ill«sl  l*h>«*lr«i  l^ilNimlorlrii.  • , 
AriKilil  Co . 
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lllliiol*t  f'oiNlriiM^r  Co . . 

IimIIiiiii  Corp.  of  Amrririi . . 

Iii4|ii%IHhI  Tlni»*r  Corfi . 

f'o.  'iiHl 

lotmiMtlioiiil  T«*lr|»lioo4*  A 

Cor|» . 


has 

immediate 

openings 

for 


l4itN»nit«»rfr«  llir.. 
Itrti\rr  <tr«r  Work^i.  Iiir . 

A% lotion  t  orp., 
IVrlttr  IthUloii  . 

ltoiirn»  l^lM»rMt«»rlr«i. 

Ilru%h  lll•»tnltll•■otl•  IM\  ImIoo 
Corp.  . 

ltiirnt*ll  A  Co.,  lor . 


Jrrrolil  Klr4*trt»nl<*tt  Ctin*.  •• 
IIP  Jrt  l*ropiil«loii  loilmriitiirlrn 


l.jihi»nitorlr«i 


C  II  M  ll^troo.  A  IMv.  «if  Ciiliiiolilo 

ltr«»H<l4‘N«lliiK  N>i»tmi.  lor . 

Ciirr  KiiHtrorr  Co.  IMv.  I'nltril'Ciirr 
Cii^lrorr  Corp. 

IVotrHloh.  \  ItUNIoii  tilohr-Col«to.  lo«'. 

i  lr%ltr  KIrrtrook’  Coni|M»oroti»  IMvl«»l«»o 
«»f  Clr\  Itr  C4»rp. 

t  oirmiiii  KiiKlorriinff  <'o..  lor . 

Cro«i«i  Co..  II.  . 

t  obir  Con**  .  . 

Curt Idti- Wrlfflit  Corp . 


Write  today  for 
details  on  this 
"engineer’s  com¬ 
pany.”  We  will 
send  you  our  illus¬ 
trated  brochure 
"New  Dimen- 
sions"  ...  a  tour 
of  Westinghouse- 
Haltimore  and  a 
picturesque  intro¬ 
duction  to  gra¬ 
cious  living  in 
Maryland. 


I.iioipkio  l.iilMiriitorlrt*.  lor 
l.app  lo«iiliil4»r  <11..  lo4‘...., 


MiiKOrtir  \oipllflrr«.  lo«% . 

\liillor>  l•o«l  <  o..  Iiif-.,  r.  K. 
Miio<miI  Crniiiih’^  t  o. 

Miiri’ool  lM%trtiotrnl««.  I.til. 
Miirloo  Klrrlrb'!!!  Iii^trooimt  < 
Mrlpnr  loror|M»riiltMl 
>loo«iiiot4i  t  lirnih’iil  C«i. . 


n  A  K  l.tM . 

Itiiiio  Klrt'trlr  Co . . 

llrli-4»  Kiiilhi  IMv.  i»f  ttrornil  MotiifH 
IMoIIkIiI  t'or|M»r»itl«»n . 


KiiAtrrn  lnihi«itrlr«.  lor . 

CtllMMi  Inilti^trlr*.  Tli«»mo«»  %, 
l-ltrl.Mrt  utloo«h.  lor.  ... 
C.ltrtrir  Aiilo-IJt«>  Co..  Th*-  .. 
lilrrlro  lo«itronirof*i  Ini’. 
Kln‘tri»->lrii«itirrmrnl«.  Ini’. 
Klri’troiilr  lii«lriimrol  Co.,  lor 
K****rv  WIrr  <’orp . 


Notiiir  <  4»r|H»riition  . 

N«»nlro  l.iilH>r.it«irlr«>  . . 

Ntirtli  %oirrlr]Mi  \%liitloo.  lor.  ... 
Nothrlfrr  UIikIIok  l.jilMtriitorlr«».  Ii 


Write  to:  Dr.  .1.  A. 
Medwin,  Dept. 
778,  We.stinghouse 
Electric  Corpora¬ 
tion,  P.  O.  Box 
746,  Baltimore  3, 
Maryland. 


l‘2t  OprrotbiOH  Kr^rorrli  Otttro. 


Krilrnil  Trirplioor  A  KhMIo  Co, 


<t  M  l.}ilN»riitorlrfi.  lor . . 

tiorrrtt  t  orporntloii.  Tlir  ..... 
<>rornil  KIrrtiir  Co..  Ap|Minitii«» 

tirorrtil  KiiiHo  <‘o.  . 

<;liiMiilol  A  Co.,  lor..  <1.  M . 

<*rlrti  Krprmlorrr  ('orp . 


\Vfestinghouse 

Wl  BALTIMORE 


liiiillo  Corpi»nitloo  of  Ainrrlri) 
Ktiiiio  C.iiAliirrrloK  rriNhirt<«.  . 

Riiythroii  Mfv-  C«onpiiny . 

Kr\  CorpiirHtloii . 
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PANORAMIC'S 


SPA-3 


rtenborn  CoiniMiiy  . 

8lrina  Imatrumriitk,  Inr... 

Sola  El(>ctric  Co . 

Soronoen  &  Co . 

SpruKur  Kloctrlv  C€» . 

Standard  KlM-tiir  Tlmr  C< 
Statliam  InMlrumrntk,  Inv, 


36  C  &  H  Sales  Company .  .  131 

C-U  Communications  Equipment  Company....  133 
SU 


Fidelity  Personnel  Service 


BASIC 

MULTI-PURPOSE 

SPECTRUM 

ANALYZER 


Trxaa  Inetrumrute  Ini'oriMiratrd.  .3rd  Cover 

Trajinfomieni  Inr .  IIS 

Tnanaradlu.  Ltd .  131 

Tunc-Sol  Klertrir,  Inc .  3S 


General  Electric  (LMEE-KIMN-UTICA)  123 
General  Electric 

Missile  A  Ordinance .  129 

General  Electric .  130 

Goodyear  Aircraft  Corp .  126 


Cnited  Klectrimlre 
f.  S.  .Clr  Forro  . . , 


Krantx  Company,  Harry. 


VIrtoreen  InHtrumrnt  Co. 
Vitro  Corp.  of  America  . 


Legri  S.  Company. 


Weetlnghouse  Electrir  Corp. 
White  IlMital  Mta.  Co.,  S.  H. 
W  Ullams  M  Co.,  C.  K . 


for  maximum  economy 
.  .  .  maximum  application 

Combinos  the  most  desirable  features 
of  a  whole  series  of  equipments  and 
MORE  •  •  •  in  one  compact  functional 
unit: 

•  3  me  wide  iwecpwidth  continu¬ 
ously  adjustable  down  to  0 

0  Variable  C.F.  control  colibroted 
from  0  to  13.5  me 

•  Variable  resolution  200  cps 
to  30  kc 

e  Variable  scon  rote  1  cps 
to  60  cps 

e  Lin,  log  and  square  low 
amplitude  scales 

0  High  sensitivity  20-uv 
full  scale 

e  Calibrated  100  db  ottenuotor 

If  you  have  a  spectrum  analysis  problem, 
check  the  advontoges  of  the  SPA-3. 
Write,  wire,  phone  NOW  for  detailed 
speciScotion  bulletin,  new  CATALOG 
DIGEST;  and  ask  to  be  put  on 
our  regular  mailing  list  for 
The  PANORAMIC  ANALYZER  - . 


Pennsylvania,  University  of— 
Nuclear  Physics  Research. 


Radalab  Inc . 

Radio  Research  Instruments  Co. 
Ramage  ft  Miller  Enterpriser... 

R.  W,  Electronics . 

Raway  Bearing  Company . 


Profesaional  Services. 


CLASSIFIED  ADVERTISING 
F.  J.  Eberle,  Business  Mgr. 


EMPLOYMENT  OPPORTUNITIES.  125-130 


Sylvania 


EQUIPMENT 

(Used  or  Surplus  New) 
For  Sale . 


Tung-Sol  Electric  Inc 


ADVERTISERS  INDEX 


....  PANORAMIC  ANALYZER 
featuring  application  data. 


A  ft  M  Instrument  Service 


Universal  Relay  Corporation 

(Formerly  Universal  General  Corp.) 


Barry  Electronics  Company 
Bell  Helicopter  Corp . 

Bendix  Products  Div.. 
Bendix  Aviation  Corp . . . . . 

Bendix  Systems  Div., 

Bendix  Aviation  Corp.... 

Bendix  Aviation  Corp., 

York  Division  . . 


This  indss  is  eubliihsd  as  a  service.  Every  care  Is  taken 
te  make  It  accurate,  but  ELECTRONICS  assumes  ns 
reseensibilltles  ter  errors  er  eailsslens. 


1530  So.  Fulton  Ave.,  Mt.  Vernon,  N.Y. 

Phone:  OWens  9-4600 
Cobles:  Panoramic,  Mt.  Vernon,  N.Y.  State 
CIRCLE  100  READERS  SERVICE  CARD 
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TEXAS  INSTRUMENTS  SALES  OFFICES 
DAllAS  •  NIW  YORK  •  CHICAGO  •  lOS  ANGELES 
CAMDEN  •  DAYTON  •  DENVER 

DETROIT  •  OTTAWA  •  SYRACUSE  •  SAN  DIEGO 
WALTHAM  •  WASHINGTON  0  C 


Recoveiy  time  to  400K  when  switched  liom  30  mA  loiwiid  cuiient  to  — 3SV  Measuiement  made  with  a 
Hauman  NO  1  standard  pulse  lecoveiy  lest  set  approved  by  JETECT4  and  described  in  jAN'256. 


Texas  Instruments 


T/l  diflused  silicon 
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Recovery  time  to  400  K  when 
switched  from  30  mA  forward  current  to 
-38  V  measured  In  JAN  256  circuit. 

euloway  view  of  Tl  glass  diodo 

DISaUSION  tlllCON  HARO  CLASS 

ALIOTIO  \  GOID-TO-GOID  J 


lOUAl  COIMICIINt 
OS  IXKANSION 


Also  in  this  some  glass  package, 
Tl  general  purpose  diodes 


max  ratings  1N645  | 

1N646 

1N647 

1N648 
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specifications 


-65  to  +150 


1  - 
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0.2 
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V 

9 

9 

9 

9 

9 

414*1 

con  A  0 
UeW  p  sec 

recovery  time 

te  400  k 

200  VOLT 

epputer  diodes 


(ACTUAL  SIZE) 


Tl  diffused  silicon  computer  diodes  jjive  you 
()..■{  p  sec  maximum  recovery  time  at  400  K  with 
I*I\’  ratings  to  200  volts. 

For  your  computer  application.s,  Tl  hard  glass  diodes 
provide  100  niA  average  rectified  forward  current  at  25°C. 
All  units  are  rated  to  meet  military  requirements,  and 
provide  fast  recovery,  higlier  conductance  ratings,  and 
shock-proof  relijibility. 

Check  the  characteristics  below  and  specify  Tl  diodes  for 
all  your  computer  applications. 


maximum  ratings 

Peak  Inverse  Voltaie  al  -65  to  +150  C 
Average  Rectilied  Forwaid  Cuiient  at  +Z5  C 
Average  Rectilied  Forward  Current  at  +150  C 
Recurrent  Peak  Forward  Current  at  +25  C 
Operating  Temperature.  Ambient 
Altitude 


specifications 

Minimum  Breakdown  Voltage  at  4-100  C 
Maiimum  Reverse  Current  at  PIV  at  f  25  C 
Maiimun.  Reverse  Current  at  PIV  at  f  100  C 
Maiimum  Voltage  Drop  al  Ig  6mA  at  25°C 
Maiimum  Reverse  Recovery  Time* 

Typical  Capacitance  at  —  lOV  at  I  me 
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l*wyl  Coordinola  Data  Trantmittian  •quipmonts  far 
SAGE  u**t  RCA  Rad»<han«. 


RCA-A499  RADECHON:  Charga  Slorag*  Tuba;  SingU* 
Baam,  Barriar-Grid  Typa;  Nan-Equilibrium  Writing  and 
Capacitanca-Oiacharga  Raading.  Ona  of  a  lina 
of  RCA  Radachont. 


handle  electronic  63Xsl  . . . 


Can  you  name  more? 


Designed  to  “take  in”  electronic  data— 
store  it  from  microseconds  to  minutes— 
then  release  the  information  at  the  same 
rate  or  at  different  rates,  RCA  Rade- 
chons  can  play  a  key  role  in  electronic 
data-processing  systems  for  industry 
and  the  military. 

Read  what  these  remarkable  RCA  Rade- 
chons  can  do  for  you-and  how  they  do  it: 

INPUT  OUTPUT  IN  DIGITAL  DATA 

STORAGE  SYSTEMS, 

the  Radechon 
acts  as  a  high¬ 
speed,  random- 
access,  high-ca¬ 
pacity  memory 
element. 

INPUT  OUTPUT 

IN  TIME-BASE  CON¬ 
VERSION  APPUCA- 
TIONS,  the  Rade¬ 
chon  releases  a 
stored  signal  at  a 
rate  different 
from  the  input  rate— as  may  be  required  in 
systems  for  the  transmission  of  video  signals 
over  telephone  lines,  or  in  certain  systems 
involving  audio-signal  multiplexing. 


INPUT  OUTPUT  IN  SIGNAL  DELAY 

APPLICATIONS,  the 

Radechon  stores  a 
signal  burst- then 
releases  it  after 
delay  periods 
from  microsec¬ 
onds  to  minutes. 


INPUT  OUTPUT  IN  RADAR  SYSTEMS. 

the  Radechon  of¬ 
fers  better  radar 
signal “detecta¬ 
bility”— through 
charge  integra¬ 
tion  in  the  stor¬ 
age  element. 


input  output  in  fixed-signal 

CANCELLATION  AP¬ 
PLICATIONS,  the 

Radechon  com¬ 
pares  successive 
signals.  Original¬ 
ly  designed  for 
“1  i  ne-by-1  ine” 
Moving  Target 
Indicators,  the  Radechon  also  can  be  used  in 
“area”  MTl  systems. 


If  you  arc  working  with  these  or  other 
Radechon  applications,  get  in  touch  with 
the  RCA  Field  Representative  at  our 
office  nearest  you.  Remember,  RCA  is 
the  world  leader  in  Radechon  engineer¬ 
ing,  development,  and  manufacturing— 
and  welcomes  inquiries  for  Radechon 
designs  to  meet  specific  needs. 

Industrial  Products  Sales 
744  Broad  Street,  Newark  2,  N.  J. 

HUmboldt  S  3900 

Suite  1 154,  Merchandite  Marl  Plata 
Chicogo  54,  lllinoit  •  WHItehall  4  2900 
6355  E.  Woihinglon  Blvd. 
lot  Angelei  22,  Calif.  •  RAymond  3-8361 

Government  Sales 

415  South  Fifth  Street,  Horriton,  N.J. 
HUmboldt  5-3900 

224  N.  Wilkinson  Street,  Dayton  2,  Ohio 

BAIdwin  6-2366 

1625  "K"  Street,  N.W. 

Washington  6,  D.C.  *  District  7-1260 

AMERICA 

Harrison,  M.  J, 


RADIO  CORPORATION  OF 

Electron  Tube  Division 
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